U.S. Express Mail Label No.: EU984760586US 
Date of Deposit: April 16, 2004 



METHODS AND COMPOUNDS FOR THE TREATMENT OF 
IMMUNOLOGICALLY - MEDIATED DISEASES 
USING MYCOBACTERIUM VACCAE 

10 

Cross-Reference to Related Applications 

This application is a continuation-in-part of copending U.S. Application No. 
09/710,425, filed November 8, 2000, which is a continuation-in-part of U.S. Application No. 
09/449,013, filed November 24, 1999, now US Patent 6,350,457, which claims priority to US 
15 Provisional Application No. 60/137,1 12, filed June 2, 1999. 

Technical Field 

The present invention relates generally to methods for the treatment of 
immunologically-mediated disorders. In certain embodiments, the invention is related to the 

20 use qf compositions comprising components prepared from Mycobacterium vaccae, 
Mycobacterium tuberculosis and Mycobacterium smegmatis for the treatment of 
immunologically-mediated disorders of the respiratory system, such as sarcoidosis, asthma 
and lung cancers, for the treatment of allergic disorders such as atopic dermatitis and eczema, 
for the treatment of diseases that benefit from the reduction of eosinophilia, for the treatment 

25 and prevention of infectious diseases, such as infection with Mycobacterium tuberculosis, 
Mycobacterium avium or Mycobacterium paratuberculosis, and for the treatment of 
atherosclerosis, hypercholesterolemia and other disorders that may be improved by 
modulating IL-10 production. 

30 Background of the Invention 

Tuberculosis is a chronic, infectious disease that is caused by infection with 
Mycobacterium tuberculosis (M. tuberculosis). It is a major disease in developing countries, 
as well as an increasing problem in developed areas of the world, with about 8 million new 
cases and 3 million deaths each year. Although the infection may be asymptomatic for a 
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considerable period of time, the disease is most commonly manifested as a chronic 
inflammation of the lungs, resulting in fever and respiratory symptoms. If left untreated, 
significant morbidity and death may result. 

Although tuberculosis can generally be controlled using extended antibiotic therapy, 
5 such treatment is not sufficient to prevent the spread of the disease. Infected individuals may 
be asymptomatic, but contagious, for some time. In addition, although compliance with the 
treatment regimen is critical, patient behavior is difficult to monitor. Some patients do not 
complete the course of treatment, which can lead to ineffective treatment and the 
development of drug resistant mycobacteria. 

10 Inhibiting the spread of tuberculosis requires effective vaccination and accurate, early 

diagnosis of the disease. Currently, vaccination with live bacteria is the most efficient 
method for inducing protective immunity. The most common mycobacterium employed for 
this purpose is Bacille Calmette-Guerin (BCG), an avirulent strain of Mycobacterium bovis 
(M. bovis). However, the safety and efficacy of BCG is a source of controversy and some 

15 countries, such as the United States, do not vaccinate the general public. Diagnosis of M 
tuberculosis infection is commonly achieved using a skin test, which involves intradermal 
exposure to tuberculin PPD (protein-purified derivative). Antigen-specific T cell responses 
result in measurable induration at the injection site by 48-72 hours after injection, thereby 
indicating exposure to mycobacterial antigens. Sensitivity and specificity have, however, 

20 been a problem with this test, and individuals vaccinated with BCG cannot be distinguished 
from infected individuals. 

A less well-known mycobacterium that has been used for immunotherapy for 
tuberculosis, and also leprosy, is Mycobacterium vaccae (M. vaccae), which is non- 
pathogenic in humans. However, there is less information on the efficacy of M. vaccae 

25 compared with BCG, and it has not been used widely to vaccinate the general public. M. 
bovis BCG and M. vaccae are believed to contain antigenic compounds that are recognized 
by the immune system of individuals exposed to infection with M tuberculosis. 

Several patents and other publications disclose treatment of various conditions by 
administering mycobacteria, including M vaccae, or certain mycobacterial fractions. U.S. 

30 Patent 4,716,038 discloses diagnosis of, vaccination against, and treatment of autoimmune 
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diseases of various types, including arthritic diseases, by administering mycobacteria, 
including M. vaccae. U.S. Patent 4,724,144 discloses an immunotherapeutic agent 
comprising antigenic material derived from M. vaccae for treatment of mycobacterial 
diseases, especially tuberculosis and leprosy, and as an adjuvant to chemotherapy. 
5 International Patent Publication WO 91/01751 discloses the use of antigenic and/or 
immunoregulatory material from M. vaccae as an immunoprophylactic to delay and/or 
prevent the onset of AIDS. International Patent Publication WO 94/06466 discloses the use 
of antigenic and/or immunoregulatory material derived from M. vaccae for therapy of HIV 
infection, with or without AIDS and with or without associated tuberculosis. 

10 U.S. Patent 5,599,545 discloses the use of mycobacteria, especially whole, inactivated 

M. vaccae, as an adjuvant for administration with antigens that are not endogenous to M. 
vaccae. This publication theorizes that the beneficial effect as an adjuvant may be due to heat 
shock protein 65 (hsp65). International Patent Publication WO 92/08484 discloses the use of 
antigenic and/or immunoregulatory material derived from M vaccae for the treatment of 

15 uveitis. International Patent Publication WO 93/16727 discloses the use of antigenic and/or 
immunoregulatory material derived from M. vaccae for the treatment of mental diseases 
associated with an autoimmune reaction initiated by an infection. International Patent 
Publication WO 95/26742 discloses the use of antigenic and/or immunoregulatory material 
derived from M. vaccae for delaying or preventing the growth or spread of tumors. 

20 International Patent Publication WO 91/02542 discloses the use of autoclaved M. vaccae in 
the treatment of chronic inflammatory disorders in which a patient demonstrates an 
abnormally high release of EL-6 and/or TNF or in which the patient's IgG shows an 
abnormally high proportion of agalactosyl IgG. Among the disorders mentioned in this 
publication are psoriasis, rheumatoid arthritis, mycobacterial disease, Crohn's disease, 

25 primary biliary cirrhosis, sarcoidosis, ulcerative colitis, systemic lupus erythematosus, 
multiple sclerosis, Guillain-Barre syndrome, primary diabetes mellitus, and some aspects of 
graft rejection. 

M. vaccae is apparently unique among known mycobacterial species in that heat- 
killed preparations retain vaccine and immunotherapeutic properties. For example, M. bovis 
30 BCG vaccines, used for vaccination against tuberculosis, employ live strains. Heat-killed M. 
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bovis BCG and M tuberculosis have no protective properties when employed in vaccines. A 
number of compounds have been isolated from a range of mycobacterial species that have 
adjuvant properties. The effect of such adjuvants is essentially to stimulate a particular 
immune response mechanism against an antigen from another species. 
5 There are two general classes of compounds that have been isolated from 

mycobacterial species that exhibit adjuvant properties. The first are water-soluble wax D 
fractions (White et ah, Immunology 1:54, 1958; US Patent 4,036,953). The second are 
muramyl dipeptide-based substances (N-acetyl glucosamine and N-glycolymuramic acid in 
approximately equimolar amounts) as described in U.S. Patents 3,956,481 and 4,036,953. 
10 These compounds differ from the delipidated and deglycolipidated M vaccae (DD-M 
vaccae) disclosed herein in the following aspects of their composition: 

1 . They are water-soluble agents, whereas DD-M vaccae is insoluble in aqueous 
solutions. 

15 2. They consist of a range of small oligomers of the mycobacterial cell wall unit, 

either extracted from bacteria by various solvents, or digested from the cell 
wall by an enzyme. In contrast, DD-M vaccae comprises processed 
mycobacterial cells. 

3. All protein has been removed from their preparations by digestion with 
20 proteolytic enzymes. The only constituents of their preparations are the 

components of the cell wall peptidoglycan structure, namely alanine, glutamic 
acid, diaminopimelic acid, N-acetyl glucosamine, and N-glycolylmuramic 
acid. In contrast, DD-M vaccae contains 50% w/w protein, comprising a 
number of distinct protein species. 

25 

Sarcoidosis is a disease of unknown cause characterized by granulomatous 
inflammation affecting many organs of the body and especially the lungs, lymph nodes and 
liver. Sarcoid granulomata are composed of mononuclear phagocytes, with epithelioid and 
giant cells in their center, and T lymphocytes. CD4 T lymphocytes are closely associated 
30 with the epithelioid cells while both CD4 and CD8 T lymphocytes accumulate at the 
periphery. The characteristic immunological abnormalities in sarcoidosis include peripheral 



1 1 000. 1 040c3 



4 



blood and bronchoalveolar lavage hyper-globulinaemia and depression of 'delayed type' 
hypersensitivity reactions in the skin to tuberculin and other similar antigens, such as 
Candida and mumps. Peripheral blood lymphocyte numbers are reduced and CD4: CD8 
ratios in peripheral blood are depressed to approximately 1-1.5:1. These are not 
5 manifestations of a generalized immune defect, but rather the consequence of heightened 
immunological activity which is 'compartmentalized' to sites of disease activity. In patients 
with pulmonary sarcoidosis, the total number of cells recovered by bronchoalveolar lavage is 
increased five- to ten- fold and the proportion of lymphocytes increased from the normal of 
less than 10-14% to between 15% and 50%. More than 90% of the lymphocytes recovered 

10 are T lymphocytes and the CD4:CD8 ratio has been reported to be increased from the value 
of 1.8:1 in normal controls to 10.5:1. The T lymphocytes are predominantly of the Thl class, 
producing EFN-y and IL-2 cytokines, rather than of the Th2 class. Following treatment, the 
increase in Thl lymphocytes in sarcoid lungs is corrected. 

Sarcoidosis involves the lungs in nearly all cases. Even when lesions are 

15 predominantly seen in other organs, subclinical lung involvement is usually present. While 
some cases of sarcoidosis resolve spontaneously, approximately 50% of patients have at least 
a mild degree of permanent organ dysfunction. In severe cases, lung fibrosis develops and 
progresses to pulmonary failure requiring lung transplantation. The mainstay of treatment for 
sarcoidosis is corticosteroids. Patients initially responding to corticosteroids often relapse 

20 and require treatment with other immunosuppressive drugs such as methotrexate or 
cyclosporine. 

Asthma is a common disease, with a high prevalence in the developed world. Asthma 
is characterized by increased responsiveness of the tracheobronchial tree to a variety of 
stimuli, the primary physiological disturbance being reversible airflow limitation, which may 
25 be spontaneous or drug-related, and the pathological hallmark being inflammation of the 
airways. Clinically, asthma can be subdivided into extrinsic and intrinsic variants. 

Extrinsic asthma has an identifiable precipitant, and can be thought of as being atopic, 
occupational and drug-induced. Atopic asthma is associated with the enhancement of a Th2- 
type of immune response with the production of specific immunoglobulin E (IgE), positive 
30 skin tests to common aeroallergens and/or atopic symptoms. It can be divided further into 
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seasonal and perennial forms according to the seasonal timing of symptoms. The airflow 
obstruction in extrinsic asthma is due to nonspecific bronchial hyperesponsiveness caused by 
inflammation of the airways. This inflammation is mediated by chemicals released by a 
variety of inflammatory cells including mast cells, eosinophils and lymphocytes. The actions 
5 of these mediators result in vascular permeability, mucus secretion and bronchial smooth 
muscle constriction. In atopic asthma, the immune response producing airway inflammation 
is brought about by the Th2 class of T cells which secrete IL-4, IL-5 and IL-10. It has been 
shown that lymphocytes from the lungs of atopic asthmatics produce DL-4 and EL-5 when 
activated. Both IL-4 and IL-5 are cytokines of the Th2 class and are required for the 

10 production of IgE and involvement of eosinophils in asthma. Occupational asthma may be 
related to the development of IgE to a protein hapten, such as acid anhydrides in plastic 
workers and plicatic acid in some western red cedar-induced asthma, or to non-IgE related 
mechanisms, such as that seen in toluene diisocyanate-induced asthma. Drug-induced asthma 
can be seen after the administration of aspirin or other non-steroidal anti-inflammatory drugs, 

15 most often in a certain subset of patients who may display other features such as nasal 
polyposis and sinusitis. Intrinsic or cryptogenic asthma is reported to develop after upper 
respiratory tract infections, but can arise de novo in middle-aged or older people, in whom it 
is more difficult to treat than extrinsic asthma. 

Asthma is ideally prevented by the avoidance of triggering allergens but this is not 

20 always possible nor are triggering allergens always easily identified. The medical therapy of 
asthma is based on the use of corticosteroids and bronchodilator drugs to reduce 
inflammation and reverse airway obstruction. In chronic asthma, treatment with 
corticosteroids leads to unacceptable adverse side effects. 

Another disorder with a similar immune abnormality to asthma is allergic rhinitis. 
Allergic rhinitis is a common disorder and is estimated to affect at least 10% of the 
population. Allergic rhinitis may be seasonal (hay fever), caused by allergy to pollen. Non- 
seasonal, or perennial, rhinitis is caused by allergy to antigens such as those from house dust 
mite or animal dander. 

The abnormal immune response in allergic rhinitis is characterized by the excess 
production of IgE antibodies specific against the allergen. The inflammatory response occurs 
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in the nasal mucosa rather than further down the airways as in asthma. Like asthma, local 
eosinophilia in the affected tissues is a major feature of allergic rhinitis. As a result of this 
inflammation, patients develop sneezing, nasal discharge and congestion. In more severe 
cases, the inflammation extends to the eyes (conjunctivitis), palate and the external ear. 
While it is not life threatening, allergic rhinitis may be very disabling, prevent normal 
activities, and interfere with a person's ability to work. Current treatment involves the use of 
antihistamines, nasal decongestants and, as for asthma, sodium cromoglycate and' 
corticosteroids. 

Atopic dermatitis, also known as atopic eczema, is a chronic and recurrent pruritic 
inflammatory skin disease which usually occurs in families with an hereditary predisposition 
for various allergic disorders, such as allergic rhinitis and asthma. Atopic dermatitis is 
increasing in prevalence with up to 15% of the population having had atopic dermatitis 
5 during childhood. The main symptoms are dry skin and dermatitis (eczema) localized mainly 
in the face, neck and on the flexor sides and folds of the extremities, accompanied by severe 
itching. It typically starts within the first five years of life. In many patients this skin disease 
disappears during childhood but the symptoms can continue into adult life. Furthermore, * 
50% of patients develop asthma and approximately 75% develop allergic rhinitis. It is one of 

10 the commonest forms of dermatitis worldwide. 

Allergens play an important role in atopic dermatitis. Approximately 80% of patients 
have IgE antibodies to a variety of food and inhaled allergens, with the majority of patients 
with severe atopic dermatitis having elevated levels of serum IgE, particularly if they also 
have other forms of atopic disease. In addition, circulating levels of blood eosinophils are 

15 often elevated. In atopic dermatitis, the dermis of skin lesions is infiltrated with 
macrophages, T cells and eosinophils, and in chronic lesions there are increased numbers of 
mast cells. Acute lesions have significantly more cells expressing the cytokines IL-4, IL-5 
and IL-13, indicating preferential accumulation of the Th2 class of T cells. In addition, 
circulating T cells in atopic dermatitis patients produce more IL-4 and IL-5, compared to 

20 normal individuals. The Th2 cytokines have an important role in initiating the allergic 
response. IL-4 is responsible for switching antibody production to the IgE isotype, the 
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development of Th2 cells and induction of adhesion molecules on endothelial cells that 
recruit eosinophils. IL-5 is important for the development and differentiation of eosinophils. 

Unlike Th2 cells, Thl cells produce IFNy and IL-2. Thl cells have been identified in 
chronic atopic skin lesions. As EL-2 is important for T cell growth and has the effect of 
5 causing abnormal dermal thickening, Thl cells may also contribute to the pathology in atopic 
dermatitis. In mice, atopic dermatitis-like lesions can be caused by repeated epicutaneous 
sensitization with ovalbumin. The draining lymph node T cells from these mice secrete IL-4 
but not IFN-y in response to in vitro stimulation with ovalbumin. 

Allergic contact dermatitis is a common non-infectious inflammatory disorder of the 

10 skin. In contact dermatitis, immunological reactions cannot develop until the body has 
become sensitised to a particular antigen. Subsequent exposure of the skin to the antigen, 
and the recognition of these antigens by T cells, result in the release of various cytokines, 
proliferation and recruitment of T cells and finally in dermatitis (eczema). 

Only a small proportion of the T cells in a lesion of allergic contact dermatitis are 

15 specific for the relevant antigen. Activated T cells probably migrate to the sites of 
inflammation regardless of antigen-specificity. Delayed-type hypersensitivity can only be 
transferred by T cells (CD4 + cells) sharing the MHC class II antigens. The 'response' to 
contact allergens can be transferred by T cells sharing either MHC class I (CD8 + cells) or 
class H (CD4 + cells) molecules (Sunday, et al. 9 J- Immunol 125:1601-1605, 1980). 

20 Keratinocytes can produce interleukin-1 which can facilitate the antigen presentation to T 
cells. The expression of the surface antigen intercellular adhesion molecule-1 (ICAM-1) is 
induced both on keratinocytes and endothelium by the cytokines tumor necrosis factor (TNF) 
and interferon-gamma (EFN-y). 

If the causes can be identified, removal alone will cure allergic contact dermatitis. 

25 During active inflammation, topical corticosteroids are useful. An inhibitory effect of 
cyclosporin has been observed in delayed-type hypersensitivity on the pro-inflammatory 
function(s) of primed T cells in vitro (Shidani, et ai, Eur. J. Immunol. 14:314-318, 1984). 
The inhibitory effect of cyclosporin on the early phase of T cell activation in mice has also 
been reported (Milon, et al., Ann. Immunol. (Inst. Pasteur) 135d:237-245, 1984). 
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Psoriasis is a common, chronic inflammatory skin disease which can be associated 
with various forms of arthritis in a minority of patients. The defect in psoriasis appears to be 
overly rapid growth of keratinocytes and shedding of scales from the skin surface. Drug 
therapy is directed at slowing down this process. The disease may become manifest at any 
5 age. Spontaneous remission is relatively rare, and life-long treatment is usually necessary. 
Psoriasis produces chronic, scaling red patches on the skin surface. Psoriasis is a very visible 
disease, it frequently affects the face, scalp, trunk and limbs. The disease is emotionally and 
physically debilitating for the patient, detracting significantly from the quality of life. 
Between one and three million individuals in the United States have psoriasis with nearly a 

10 quarter million new cases occurring each year. Conservative estimates place the costs of 
psoriasis care in the United States currently at $248 million a year. 

There are two major hypotheses concerning the pathogenesis of psoriasis. The first is 
that genetic factors determine abnormal proliferation of epidermal keratinocytes. The cells 
no longer respond normally to external stimuli such as those involved in maintaining 

15 epidermal homeostasis. Abnormal expression of cell membrane cytokine receptors or 
abnormal transmembrane • signal transduction might underlie cell hyperproliferation. 
Inflammation associated with psoriasis is secondary to the release of pro-inflammatory 
molecules from hyperproliferative keratinocytes. 

A second hypothesis is that T cells interacting with antigen-presenting cells in skin 

20 release pro-inflammatory and keratinocyte- stimulating cytokines (Hancock, G.E. et al., J. 
Exp. Med. 755:1395-1402, 1988). Only T cells of genetically predetermined individuals 
possess the capacity to be activated under such circumstances. The keratinocytes themselves 
may be the antigen-presenting cell. The cellular infiltrate in psoriatic lesions show an influx 
of CD4+ T cells and, more prominently, CD8+ T cells (Bos, J.D. et al., Arch. Dermatol Res. 

25 257:23-3, 1989; Baker, B.S., Br. J. Dermatol. 770:555-564, 1984). 

As the majority (90%) of psoriasis patients have limited forms of the disease, topical 
treatments which include dithranol, tar preparations, corticosteroids and vitamin D3 
analogues (for example, calcipotriol and calcitriol) can be used. A minority (10%) of 
psoriasis patients have a more serious condition, for which a number of systemic therapeutic 

30 modalities are available. Specific systemic therapies include UVB, PUVA, methotrexate, 
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vitamin A derivatives (acitretin) and immuno-suppressants such as Cyclosporin A. The 
effectiveness of Cyclosporin and FK-506 for treating psoriasis provides support for the T cell 
hypothesis as the prime cause of the disease (Bos, J.D. et al., Lancet 77:1500-1502, 1989; 
Ackerman, C. et al, J. Invest. Dermatol 96:536 [abstract], 1991). 
5 Lung cancer is the leading cause of death from cancer. The incidence of lung cancer 

continues to rise and the World Health Organization estimates that by 2000 AD there will be 
2 million new cases annually. Lung cancers may be broadly classified into two categories: 
small cell lung cancer (SCLC) which represents 20-25% of all lung cancers; and non-small 
cell lung cancer (NSCLC) which accounts for the remaining 75%. The majority of SCLC is 

10 caused by tobacco smoke. SCLC tends to spread early and 90% of patients present at 
diagnosis with involvement of the mediastinal lymph nodes in the chest. SCLC is treated by 
chemotherapy, or a combination of chemotherapy and radiotherapy. Complete response rates 
vary from 10% to 50%. For the rare patient without lymph node involvement, surgery 
followed by chemotherapy may result in cure rates exceeding 60%. The prognosis for 

15 NSCLC is more dismal, as most patients have advanced disease by the time of diagnosis. 
Surgical removal of the tumor is possible in a very small number of patients and the five year 
survival rate for NSCLC is only 5-10%. 

The factors leading to the development of lung cancer are complex and multiple. 
Environmental and genetic factors interact and cause sequential and incremental 

20 abnormalities that lead to uncontrolled cell proliferation, invasion of adjacent tissues and 
spread to distant sites. Both cell-mediated and humoral immunity have been shown to be 
impaired in patients with lung cancer. Radiotherapy and chemotherapy further impair the 
immune function of patients. Attempts have been made to immunize patients with 
inactivated tumor cells or tumor antigens to enhance host anti-tumor response. Bacille 

25 Calmette-Guerin (BCG) has been administered into the chest cavity following lung cancer 
surgery to augment non-specific immunity. Attempts have been made to enhance anti-tumor 
immunity by giving patients lymphocytes treated ex vivo with interleukin-2 (IL-2). These 
lymphokine-activated lymphocytes acquire the ability to kill tumor cells. Current 
immunotherapies for lung cancer are still at a developmental stage and their efficacies have 

30 yet to be established for the standard management of lung cancer. 
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Atherosclerosis is a chronic inflammatory disease of the arterial wall that is 
characterized by accumulation of lipids, macrophages, T lymphocytes, smooth muscle cells 
and extracellular matrix. Anti-inflammatory cytokines are produced during the inflammatory 
reaction and are believed to modulate the inflammatory process. Interleukin-10 (IL-10) is 
5 secreted by Th2 lymphocytes and by macrophages, and is known to have anti-inflammatory 
properties. Mallat et al. recently reported studies in which IL-10 was shown to have a 
protective effect in the formation and stability of atherosclerotic lesions in mice (Ore. Res. 
85:el7-24, 1999). These studies suggest that agents that increase IL-10 production may be 
employed to modulate the extent and/or severity of atherosclerosis. 

10 Other disorders in which administration of EL- 10 has been shown to have a beneficial 

effect include: hypercholesterolemia (see, U.S. Patent 5,945,097); bacterial infections, 
including infection with gram-negative and/or gram-positive bacteria (see U.S. Patents 
5,837,293 and 5,837,232); and insulin-dependent diabetes mellitus (see, U.S. Patent 
5,827,513). In addition, U.S. Patent 5,871,725 discloses a method of treating cancer by 

15 administering to a patient peripheral blood mononuclear cells (PBMC) that have been 
activated with EL- 1 0. 

Johne's disease is a contagious, chronic and usually fatal disease that affects the 
intestines of ruminant animals, including cattle, sheep and goats. It is caused by 
Mycobacterium paratuberculosis, a bacteria related to M. avium. Detection of infected 

20 animals that do not exhibit clinical signs is difficult, and while current vaccines are effective 
in reducingg the number of clinically affected animals, vaccination does not reduce the total 
number of infected animals in a herd. Slaughterhouse studies in New Zealand and the US 
have identified between 4 and 18% of cull cows as being infected with M. paratuberculosis. 
The most significant economic losses associated with Johne's disease are decreased milk 

25 production and reduced salvage value of clinically affected animals. 

Summary of the Invention 

Briefly stated, the present invention provides compositions and methods for the 
prevention and treatment of immunologically-mediated disorders, including disorders of the 
30 respiratory system (such as infection with mycobacteria such as M. tuberculosis, 
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Mycobacterium avium (M avium) or M paratuberculosis, sarcoidosis, asthma, allergic 
rhinitis and lung cancers); allergic disorders, such as atopic dermatitis and eczema; diseases 
that benefit from the reduction of eosinophilia; inflammatory disorders, such as psoriasis; and 
disorders that may be improved by modulating IL-10 production (such as atherosclerosis, 
5 hypercholesterolemia, cancer, bacterial infections and insulin-dependent diabetes mellitus). 

In a first aspect, compositions comprising delipidated and deglycolipidated 
mycobacterial cells are provided. In specific embodiments, the delipidated and 
deglycolipidated cells are prepared from M. vaccae, M. tuberculosis and/or M. smegmatis. 

In a second aspect, the present invention provides compositions comprising a 

10 derivative of delipidated and deglycolipidated mycobacterial cells, the derivative being 
selected from the group consisting of: delipidated and deglycolipidated mycobacterial cells 
that have been treated by alkaline hydrolysis; delipidated and deglycolipidated mycobacterial 
cells that have been treated by acid hydrolysis; delipidated and deglycolipidated 
mycobacterial cells that have been treated with periodic acid; delipidated and 

15 deglycolipidated mycobacterial cells that have been treated with Proteinase K; and 
delipidated and deglycolipidated mycobacterial cells that have been treated by anhydrous 
hydrofluoric acid hydrolysis. The derivatives of delipidated and deglycolipidated M. vaccae 
preferably contain galactose in an amount less than 9.7% of total carbohydrate, more 
preferably less than 5% of total carbohydrate, and most preferably less than 3.5% total 

20 carbohydrate. In certain embodiments, the derivatives of delipidated and deglycolipidated M 
vaccae contain glucosamine in an amount greater than 3.7% of total carbohydrate, preferably 
greater than 5% total carbohydrate and more preferably greater than 7.5% total carbohydrate. 

In further aspects of this invention, methods are provided for the treatment of a 
disorder in a patient, including disorders of the respiratory system and skin, such methods 

25 comprising administering to the patient a composition of the present invention. In certain 
embodiments, the disorder is selected from the group consisting of mycobacterial infections, 
asthma, sarcoidosis, allergic rhinitis, atopic dermatitis, psoriasis and lung cancers. In one 
embodiment, the compositions are administered to the airways leading to or located within 
the lungs, preferably by inhalation through the nose or mouth, and are preferably 
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administered in aerosol forms. The compositions may also, or alternatively, be administered 
by intradermal, transdermal or subcutaneous routes. 

In another aspect, the present invention provides methods for the treatment of a 
disorder of the respiratory system and skin in a patient by the administration of a composition 
5 of the present invention, wherein the disorder is characterized by the presence of eosinophilia 
in the tissues of the respiratory system. Examples of such diseases include asthma and 
allergic rhinitis. In a related aspect, the present invention provides methods for the reduction 
of eosinophilia in a patient, such methods comprising administering at least one of the 
compositions disclosed herein. The reduction in eosinophilia will vary between about 20% 
10 and about 80%, preferably between 80% and 100%, and most preferably between 90% and 
100%. The percentage of reduction in lung eosinophilia can be determined by measuring the 
number of eosinophils in bronchoalveolar lavage fluid before and after treatment as described 
below. 

In yet a further aspect, methods for enhancing the production of EL- 10 are provided, 
1 5 such methods comprising administering a composition of the present invention. As discussed 
above, it has recently been shown that IL-10 plays a protective role in the formation and 
stability of atherosclerotic lesions. IL-10 has also been shown to be effective in the treatment 
of hypercholesterolemia, cancer, bacterial infections, and insulin-dependent diabetes mellitus. 
The inventive compositions may thus be usefully employed in the treatment of such 
20 disorders. 

In another aspect, the present invention provides an immunoregulatory composition 
for modulating a Th2-mediated immune response to a specific antigen. The composition 
comprises delipidated and deglycolipidated M vaccae cells that have been treated by acid 
hydrolysis (referred to herein as Avac). In one embodiment, the composition also comprises 
25 a specific antigen. 

In a further aspect, the present invention provides a method for modulating a Th2- 
mediated immune response to a specific antigen in a patient, comprising administering a 
composition of the present invention. 

In still another aspect, the present invention provides a method for the treatment of a 
30 disorder in a patient, comprising modulating the amount of an interleukin molecule involved 
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in an antigen-specific Th2 -mediated immune response by administering a composition of the 
present invention to the patient. Such disorders are characterized by one or more of the 
following: an hypersensitivity immune reaction; a pathogenic immune response caused by 
excessive Th2 activation; and suppression of an IFN-gamma-mediated immune function. 
5 In a further aspect, the present invention provides methods for preventing or reducing 

the severity of an immune response to a specific antigen in a patient, comprising 
administering to the patient a specific antigen and a composition of the present invention. In 
a preferred embodiment, the specific antigen is an allergen. Preferably, at least one 
component of the composition comprises delipidated and deglycolipidated mycobacterial 

10 cells that have been treated by acid hydrolysis, and preferably, the composition is 
administered at the time of sensitization or exposure of the patient to a specific antigen. 

The present invention further provides methods for the activation of otp T cells, y8 T 
cells or NK cells, thereby repairing epithelium in a patient, by administering to the patient a 
composition of the present invention. 

1 5 These and other aspects of the present invention will become apparent upon reference 

to the following detailed description and attached drawings. All references disclosed herein 
are hereby incorporated by reference in their entirety as if each was incorporated individually. 

Brief Description of the Drawings 

20 Fig. 1 illustrates the induction of IL-12 by autoclaved M vaccae, lyophilized M 

vaccae, delipidated and deglycolipidated M vaccae, and M vaccae glycolipids. 

Fig. 2 compares the in vitro stimulation of interferon-gamma production in spleen 
cells from Severe Combined ImmunoDeficient (SCID) mice by different concentrations of 
heat-killed (autoclaved) M vaccae, delipidated and deglycolipidated M vaccae, and M 

25 vaccae glycolipids. 

Fig. 3 shows the suppression by DD-M vaccae (Ql) and the DD-M vaccae 
derivatives DD-M vaccae-KOH (Q2), DD-M vaccae-acid (Q3), DD-M vaccae-periodate 
(Q4), DD-M vaccae-KOH-periodate (Q6), DD-M vaccae-KOH-acid (P5) and DD- 
M vflccae-KOH-periodate (P6) of ovalbumin-induced airway eosinophilia in mice vaccinated 

30 intranasally with these compounds. Control mice received PBS. 
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Fig. 4 shows the stimulation of IL-10 production in THP-1 cells by derivatives of DD- 
M vaccae. 

Fig. 5 illustrates the effect of immunizing mice with heat-killed M vaccae or 
delipidated and deglycolipidated M vaccae (DD-M vaccae) prior to infection with 
5 tuberculosis. 

Fig. 6 illustrates the re-suspension of DD-M vaccae and DD-M vaccae-KOH. 
Fig. 7 shows the stimulation of EL- 12 production in macrophages by DD-M vaccae 
(Rl) and the DD-M vaccae derivatives DD-M vaccae-KOH (R2), (DD-M vaccae-zcid (R3), 
DD-M vaccae-periodate (R4), DD-M vaccae-KOH-acid (R5) and DD-M vaccae-KOH- 
10 periodate (R6). 

Fig. 8 illustrates the suppression of airway eosinophilia in a dose-dependent manner 
by a DD-M vaccae-acid derivative. 

Fig. 9 compares the effect of intranasal and intradermal immunization with DD-M 
vaccae- acid on the suppression of lung eosinophils. 
15 Fig. 10 illustrates the effect of immunization with DD-M vaccae, DD-M tuberculosis 

and DD-M smegmatis on airway eosinophilia. 

Fig. 11 illustrates TNF-ct production by human PBMC and non-adherent cells 
stimulated with DD-M vaccae. 

Figs. 12A and 12B illustrate EL- 10 and IFN-y production, respectively, by human 
20 PBMC and non-adherent cells stimulated with DD-M vaccae. 

Fig. 13 illustrates the suppression of allergen-induced airway eosinophilia by DD- 
M vaccae and the DD-M vaccae derivatives referred to as DD-M vaccae-acid, Hvac and 
Evac. 

Fig. 14 illustrates the therapeutic effect of DD-M vaccae-acxd on severe allergen- 
25 induced airway eosinophilia in mice when the DD-M vaccae-acid is administered three days 
after challenge with OVA. 

Fig. 15 illustrates the suppressive effect of DD-M vaccae-acid on allergen-induced 
airway eosinophilia when the DD-M vaccae-acid is administered immediately prior to either 
one or two challenges with OVA. 
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Fig. 16 illustrates the effect of DD-M vaccae-acid on the suppression of allergen- 
induced eosinophilia in mice when the DD-M vacaze-acid is administered either once or 
twice between the first and second challenges with OVA. 

Fig. 17 illustrates the effect of DD-M vaccae-zcid on the development of allergen- 
5 induced airway eosinophilia when the DD-M vaccae-acid is administered during exposure to 
OVA. 

Fig. 18 illustrates the effect of DD-M vaccae-zcid on the development of allergen- 
induced airway eosinophilia when the DD-M vaccae-ac\d is administered during 
sensitization to OVA. 

10 Fig. 19 illustrates the effect of DD-M vacaze-acid on levels of IL-4 and IL-5 in 

broncheolar lavage of mice at 24 hours after challenge with OVA. The DD-M vaccae-zc\d is 
coadministered with OVA during sensitization. DL-4 and EL- 5 levels were measured using 
enzyme linked immunoassays specific for each cytokine. 

Fig. 20 illustrates the effect of DD-M vaccae-zcid on levels of IL-10 and IFN-y 

15 content in broncheolar lavage of mice at 24 hours after challenge with OVA. The DD- 
M vaccae-zcid was coadministered with OVA during sensitization. EL- 10 and IFN-y levels 
were measured using enzyme linked immunoassays specific for each cytokine. 

Fig. 21 illustrates the effect of DD-M vaccae-acid on the development of allergen- 
induced airway eosinophilia when the DD-M vaccae-acid is coadministered at the time of the 

20 first or second, or both, challenges to OVA. 

Detailed Description of the Invention 

As noted above, the present invention is generally directed to compositions and 
methods for the treatment of immunologically-mediated disorders. In certain specific 

25 embodiments, such disorders are selected from the group consisting of: disorders of the 
respiratory system; allergic disorders; inflammatory disorders (such as psoriasis); other 
disorders involving Th2-mediated responses to specific antigens; and disorders in which 
administration of IL-10 and/or stimulation of IL-10 production are beneficial. Examples of 
respiratory system disorders include mycobacterial infection (for example, tuberculosis), 

30 asthma, sarcoidosis, allergic rhinitis and lung cancer. Examples of disorders in which 
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administration and/or increased production of EL- 10 are believed to be beneficial include 
atherosclerosis, hypercholesterolemia, cancer, bacterial infections and insulin-dependent 
diabetes mellitus. Examples of allergic skin disorders include atopic dermatitis and eczema. 
Examples of disorders involving Th2 -mediated responses to specific antigens include 
5 hypersensitivity reactions, pathogenic immune responses caused by excessive Th2 activation 
(e.g., fibrotic responses to schistosome ova) and disorders caused by an interference with 
IFN-gamma-mediated immune functions. 

Certain pathogens, such as M. tuberculosis, as well as certain cancers, are effectively 
contained by an immune attack directed by CD4 4 * T cells, known as cell-mediated immunity. 

10 Other pathogens, such as poliovirus, also require antibodies, produced by B cells, for 
containment. These different classes of immune attack (T cell or B cell) are controlled by 
different subpopulations of CD4 + T cells, commonly referred to as Thl and Th2 cells. 

The two types of Th cell subsets have been well characterized in a murine model and 
are defined by the cytokines they release upon activation. The Thl subset secretes IL-2, 

15 IFN-y and tumor necrosis factor, and mediates macrophage activation and delayed-type 
hypersensitivity response. The Th2 subset releases IL-4, IL-5, IL-6 and IL-10, which 
stimulate B cell activation. The Thl and Th2 subsets are mutually inhibiting, so that DL-4 
inhibits Thl -type responses, and IFN-y inhibits Th2-type responses. Similar Thl and Th2 
subsets have been found in humans, with release of the identical cytokines observed in the 

20 murine model. Amplification of Thl -type immune responses is central to a reversal of 
disease state in many disorders, including disorders of the respiratory system such as 
tuberculosis, sarcoidosis, asthma, allergic rhinitis and lung cancers. IL-12 has been shown 
to up-regulate Thl responses, while IL-10 has been shown to down-regulate Th2 responses. 
Zuany-Amorim et al. have shown that IL-10 regulates leukocyte infiltration into the airways 

25 of antigen-challenged mice, indicating that IL-10 plays an important role in regulating 
allergic inflammatory processes in the lung. (J. Clin. Invest. 95:2644-2651, 1995). Studies 
by Borish et al. have found that bronchoalveolar fluid from asthmatic patients contains 
reduced levels of IL-10 compared to that from normal donors (J. Allergy Clin. Immunol. 
97:1288-96,1996). 
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In connection with the present invention, it has been discovered that delipidated and 
deglycolipidated M. vaccae cells prepared by acid hydrolysis (Avac) have pronounced 
immunoregulatory effects on both Th2 and Thl cells. Thus, for example, Avac suppresses 
development of allergic airway disease, as determined by the degree of airway tissue 
5 eosinophilia, by greater than 90% when coadministered with specific antigen during priming 
(Fig. 18) or during challenge (Fig. 21). When coadministered with specific antigen during 
challenge, Avac reduces the amount of Th2 interleukin IL-4 and 5, increases the amount of 
IL10 (a regulatory or anti-inflammatory interleukin) and increases the content of the Thl 
cytokine BFN-y in airway tissue. OVA-stimulated proliferation was completely inhibited in 

10 cultured mediastinal lymph node cells from Avac-treated OVA-challenged mice, but was not 
inhibited in mice that were challenged with OVA in the absence of Avac (data not shown). 
Both cultures proliferated in response to ConA (data not shown). 

While not wishing to be bound by theory, these results taken together suggest that 
Avac may act, at least in part, to modulate the development and differentiation of Th2 cells, 

15 and the function of both Th2 and Thl cells. 

In one aspect, methods are provided for the treatment of respiratory and/or lung 
disorders, comprising administering delipidated and deglycolipidated mycobacterial cells, 
preferably delipidated and deglycolipidated M. tuberculosis cells and/or delipidated and 
deglycolipidated M. smegmatis cells. In a related aspect, the present invention provides 

20 methods for the immunotherapy of respiratory and/or lung disorders, including tuberculosis, 
sarcoidosis, asthma, allergic rhinitis and lung cancers, in a patient by administration of a 
composition that comprises at least one derivative of delipidated and deglycolipidated 
mycobacterial cells. In certain specific embodiments, such methods comprise administering 
at least one derivative of DD-M vaccae. As detailed below, the inventors have demonstrated 

25 the efficacy of such compositions in the treatment of asthma employing a mouse model. 
These compositions are believed to be effective in the treatment of diseases such as asthma 
due to their ability to suppress asthma-inducing Th2 immune responses. In one embodiment, 
the compositions are delivered directly to the mucosal surfaces of airways leading to and/or 
within the lungs. However, the compositions may also, or alternatively, be administered via 

30 intradermal or subcutaneous routes. 
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As used herein the term "respiratory system" refers to the lungs, nasal passageways, 
trachea and bronchial passageways. 

As used herein the term "airways leading to or located in the lung" includes the nasal 
passageways, mouth, tonsil tissue, trachea and bronchial passageways. 
5 As used herein, the term "patient" refers to any warm-blooded animal, and thus 

encompasses animals, such as dogs, as well as humans. Such a patient may be afflicted with 
disease or may be free of detectable disease. In other words, the inventive methods may be 
employed to induce protective immunity for the prevention or treatment of disease. 

As used herein the term "inactivated M vaccae" refers to M vaccae cells that have 

10 either been killed by means of heat, as detailed below in Example 1, or by exposure to 
radiation, such as 60 Cobalt at a dose of 2.5 megarads. As used herein, the term "modified M 
vaccae" includes delipidated M vaccae cells, deglycolipidated M vaccae cells, M. vaccae 
cells that have been both delipidated and deglycolipidated (DD-M vaccae), and derivatives 
of delipidated and deglycolipidated M vaccae cells. DD-M vaccae may be prepared as 

1 5 described below in Example 1 , with the preparation of derivatives of DD-M vaccae being 
detailed below in Example 2. The preparation of delipidated and deglycolipidated M 
tuberculosis (DD-M tuberculosis) and M smegmatis (DD-M smegmatis) is described in 
Example 10 below. Derivatives of DD-M tuberculosis and DD-M smegmatis, such as acid- 
treated, alkali-treated, periodate-treated, proteinase K-treated, and/or hydrofluoric acid- 

20 treated derivatives, may be prepared using the procedures disclosed herein for the preparation 
of derivatives of DD-M vaccae. 

The derivatives of DD-M vaccae preferably contain galactose in an amount less than 
9.7% of total carbohydrate, more preferably less than 5% of total carbohydrate, and most 
preferably less than 3.5% total carbohydrate. In certain embodiments, the derivatives of DD- 

25 M vaccae preferably contain glucosamine in an amount greater than 3.7% of total 
carbohydrate, more preferably greater than 5% total carbohydrate, and most preferably greater 
than 7.5% total carbohydrate. Derivatives prepared by treatment of DD-M vaccae with 
alkali, such as DD-M vaccae-KOU (also known as Kvac), have a reduced number of ester 
bonds linking mycolic acids to the arabinogalactan of the cell wall compared to DD-M 

30 vaccae, and are thus depleted of mycolic acids. Derivatives prepared by treatment with acid, 
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such as DD-M. vacaze-acid (also referred to as Avac), have a reduced number of 
phosphodiester bonds attaching arabinogalactan sidechains to the peptidoglycan of the cell 
wall, and are therefore depleted of arabinogalactan. In addition, such derivatives are depleted 
of DNA. Derivatives prepared by treatment of DD-M. vaccae with periodate, such as DD-M 
5 vaccae-periodate (also known as Ivac), have a reduced number of cis-diol-containing sugar 
residues compared to DD-M vaccae and are depleted of arabinogalactan. Derivatives 
prepared by treatment of DD-M. vaccae with Proteinase K (such as the derivative referred to 
as Evac) are depleted of proteins and peptides. Derivatives prepared by treatment with 
hydrofluoric acid, such as DD-M. vaccae-KOH treated with hydrofluoric acid (referred to as 

10 Hvac), are depleted of glycosidic bonds. 

In general, the inventive compositions may be administered by injection (e.g., 
intradermal, intramuscular, intravenous or subcutaneous), intranasally (e.g., by aspiration), 
orally or epicutaneously (applied topically onto skin). In one embodiment, the compositions 
of the present invention are in a form suitable for delivery to the mucosal surfaces of the 

15 airways leading to or within the lungs. For example, the composition may be suspended in a 
liquid formulation for delivery to a patient in an aerosol form or by means of a nebulizer 
device similar to those currently employed in the treatment of asthma. 

For use in therapeutic methods, the inventive compositions may additionally contain a 
physiologically acceptable carrier and/or an immunostimulant that elicits and/or stimulates an 

20 immune response, such as an adjuvant or a liposome, into which the polypeptide is 
incorporated. While any suitable carrier known to those of ordinary skill in the art may be 
employed in the compositions of this invention, the type of carrier will vary depending on the 
mode of administration. For parenteral administration, such as subcutaneous injection, the 
carrier preferably comprises water, saline, alcohol, a fat, a wax or a buffer. For oral 

25 administration, any of the above carriers or a solid carrier, such as mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium 
carbonate, may be employed. Biodegradable microspheres (e.g., polylactic galactide) may 
also be employed as carriers for the pharmaceutical compositions of this invention. Suitable 
biodegradable microspheres are disclosed, for example, in U.S. Patent Nos. 4,897,268 and 

30 5,075,109. 
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Any of a variety of adjuvants may be employed in the compositions of this invention 
to enhance the immune response. Most adjuvants contain a substance designed to protect the 
antigen from rapid catabolism, such as aluminum hydroxide or mineral oil, and a non-specific 
stimulator of immune responses, such as lipid A, Bordetella pertussis, M tuberculosis, or, as 
5 discussed below, M. vaccae. Suitable adjuvants are commercially available as, for example, 
Freund's Incomplete Adjuvant and Freund's Complete Adjuvant (Difco Laboratories, Detroit, 
MI), and Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ). Other suitable 
adjuvants include alum, biodegradable microspheres, monophosphoryl lipid A and Quil A. 

The preferred frequency of administration and effective dosage will vary from one 
10 individual to another. For both DD-M vaccae and derivatives of DD-M vaccae, the amount 
present in a dose preferably ranges from about 10 jig to about 1000 jig, more preferably from 
about 10 |ig to about 100 jig. The number of doses may range from 1 to about 10 
administered over a period of up to 12 months. 

The word "about," when used in this application with reference to the amount of 
15 active component in a dose, contemplates a variance of up to 5% from the stated amount. 
The word "about," when j used with reference to a percentage reduction of eosinophils, 
contemplates a variance of up to 10% from the stated percentage. 

The following examples are offered by way of illustration and are not limiting. 

20 EXAMPLE 1 

PREPARATION OF DELIPIDATED AND DEGLYCOLIPIDATED 
M VACCAE CELLS (DD-M VACCAE) 

This example illustrates the processing of different constituents of M vaccae and 
their immune modulating properties. 

25 

Heat-killed M. vaccae and M. vaccae culture filtrate 

M vaccae (ATCC Number 15483) was cultured in sterile Medium 90 (yeast extract, 
2.5 g/1; tryptone, 5 g/1; glucose 1 g/1) at 37°C. The cells were harvested by centrifugation, and 
transferred into sterile Middlebrook 7H9 medium (Difco Laboratories, Detroit, MI) with 
30 glucose at 37°C for one day. The medium was then centrifuged to pellet the bacteria, and the 
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culture filtrate removed. The bacterial pellet was resuspended in phosphate buffered saline at 
a concentration of 10 mg/ml, equivalent to 10 10 M vaccae organisms per ml. The cell 
suspension was then autoclaved for 15 min at 120°C. The culture filtrate was passaged 
through a 0.45 jim filter into sterile bottles. 

5 

Preparation of Delipidated and Deglycolipidated M. vaccae (DD-M vaccae) and 
Compositional Analysis 

To prepare delipidated M vaccae, the autoclaved M vaccae was pelleted by 
centrifugation, the pellet washed with water and collected again by centrifugation, and freeze- 

10 dried. An aliquot of this freeze-dried M vaccae was set aside and referred to as lyophilised 
M vaccae. When used in experiments it was resuspended in PBS to the desired 
concentration. Freeze-dried M vaccae was treated with chloroform/methanol (2:1) for 60 
min at room temperature to extract lipids, and the extraction was repeated once. The 
delipidated residue from the chloroform/methanol extraction was further treated with 50% 

15 ethanol to remove glycolipids by refluxing for two hours. The 50% ethanol extraction was 
repeated two times. The pooled 50% ethanol extracts were used as a source of M vaccae 
glycolipids (see below). The residue from the 50% ethanol extraction was freeze-dried and 
weighed. The amount of delipidated and deglycolipidated M vaccae prepared was 
equivalent to 11.1% of the starting wet weight of M. vaccae used. For bioassay, the 

20 delipidated and deglycolipidated M vaccae (DD-M vaccae), was resuspended in phosphate- 
buffered saline by sonication, and sterilized by autoclaving. 

The compositional analyses of heat-killed M vaccae and DD-M vaccae are presented 
in Table 1 . Major changes are seen in the fatty acid composition and amino acid composition 
of DD-M vaccae as compared to the insoluble fraction of heat-killed M vaccae. The data 

25 presented in Table 1 show that the insoluble fraction of heat-killed M vaccae contains 10% 
w/w of lipid, and the total amino acid content is 2750 nmoles/mg, or approximately 33% 
w/w. DD-M vaccae contains 1.3% w/w of lipid and 4250 nmoles/mg amino acids, which is 
approximately 5 1 % w/w. 
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TABLE 1 

Compositional analyses of heat-killed M. vaccae and DD-M. vaccae 
Monosaccharide Composition 



sugar alditol 


M. vaccae 


DD-M vaccae 


Inositol 


3.2% 


1.7% 


Ribitol * 


1.7% 


0.4% 


Arabinitol 


22.7% 


27.0% 


Mannitol 


8.3% 


3.3% 


Galactitol 


11.5% 


12.6% 


Glucitol 


52.7% 


55.2% 



Fatty Acid Composition 



Fatty acid 


M. vaccae 


DD-M. vaccae 


C14:0 


3.9% 


10.0% 


i C16:0 


21.1% 


7.3% 


C16:l 


14.0% 


3.3% 


C18:0 


4.0% 


1.5% 


C18:l* 


1.2% 


2.7% 


C18:lw9 


20.6% 


3.1% 


C18:lw7 


12.5% 


5.9% 


C22:0 


12.1% 


43.0% 


C24:l* 


6.5% 


22.9% 



The insoluble fraction of heat-killed M. vaccae contains 10% w/w of lipid, and DD-M 
vaccae contains 1.3% w/w of lipid. 



Amino Acid Composition 



nmoles/mg 


M vaccae 


DD-M. vaccae 


ASP 


231 


361 


THR 


170 


266 


SER 


131 


199 j 


GLU 


319 


505 


PRO 


216 


262 


GLY 


263 


404 


ALA 


416 


621 


CYS* 


24 


26 


VAL 


172 


272 


MET* 


72 


94 


DLE 


104 


171 
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nmoles/mg 


M. vaccae 


DD-M vaccae 


LEU 


209 


340 


TYR 


39 


75 


PHE 


76 


132 


GlcNH2 


5 


6 


HIS 


44 


77 


LYS 


108 


167 


ARG 


147 


272 



The total amino acid content of the insoluble fraction of heat-killed M vaccae is 2750 
nmoles/mg, or approximately 33% w/w. The total amino acid content of DD-M vaccae is 
4250 nmoles/mg, or approximately 51% w/w. 

5 

M. vaccae glycolipids 

The pooled 50% ethanol extracts described above were dried by rotary evaporation, 
redissolved in water, and freeze-dried. The amount of glycolipid recovered was 1 .2% of the 
starting wet weight of M vaccae used. For bioassay, the glycolipids were dissolved in 
10 phosphate-buffered saline. 

Production of Interleukin-12 from macrophages 

Whole heat-killed M vaccae and DD-M vaccae were shown to have different 
cytokine stimulation properties. The stimulation of a Thl immune response is enhanced by 

15 the production of interleukin-12 (IL-12) from macrophages. The ability of different M 
vaccae preparations to stimulate IL-12 production was demonstrated as follows. 

A group of C57BL/6J mice were injected intraperitoneal^ with DIFCO thioglycolate. 
After three days, peritoneal macrophages were collected and placed in cell culture with 
interferon-gamma for three hours. The culture medium was replaced and various 

20 concentrations of whole heat-killed (autoclaved) M vaccae, lyophilized M vaccae, DD-M 
vaccae (referred to as delipidated-deglycolipidated M vaccae in Fig. 1) and M vaccae 
glycolipids were added. After a further three days at 37°C, the culture supernatants were 
assayed for the presence of EL- 12 produced by macrophages. As shown in Fig. 1, the M 
vaccae preparations stimulated the production of IL-12 from macrophages. 
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By contrast, these same M vaccae preparations were examined for the ability to 
stimulate interferon-gamma (IFN-y) production from Natural Killer (NK) cells. Spleen cells 
were prepared from Severe Combined Immunodeficient (SCID) mice. These populations 
contain 75-80% NK cells. The spleen cells were incubated at 37°C in culture with different 
5 concentrations of heat-killed M vaccae, DD-M vaccae, or M vaccae glycolipids. The data 
shown in Fig. 2 demonstrates that, while heat-killed M vaccae and M vaccae glycolipids 
stimulate production of interferon-gamma, DD-M vaccae stimulated relatively less 
interferon-gamma. The combined data from Figs. 1 and 2 indicate that, compared with whole 
heat-killed M vaccae, DD-M vaccae is a better stimulator of EL- 12 than of interferon- 
10 gamma. 

EXAMPLE 2 
PREPARATION AND CHARACTERISATION OF 
ADDITIONAL DERIVATIVES OF M VACCAE 

15 

Alkaline hydrolysis of DD-M. vaccae 

This procedure is intended to cleave linkages that are labile to alkaline lysis, such as 

the ester bonds linking mycolic acids to the arabinogalactan of the mycobacterial cell wall. 

One gram of DD-M vaccae, prepared as described in Example 1, was suspended in 
20 20 ml of a 0.5% solution of potassium hydroxide (KOH) in ethanol. Other alkaline agents 

and solvents are well known in the art and may be used in the place of KOH and ethanol. 

The mixture was incubated at 37°C with intermittent mixing for 48 hours. The solid residue 

was harvested by centrifugation, and washed twice with ethanol and once with diethyl ether. 

The product was air-dried overnight. The yield was 1.01 g (101%) of KOH-treated DD- 
25 M vaccae, subsequently referred to as DD-M vaccae-KOU (also known as Kvac). This 

derivative was found to be more soluble than the other derivatives of DD-M vaccae 

disclosed herein. 
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Acid hydrolysis of DD-M. vaccae 

This procedure is intended to cleave acid-labile linkages, such as the phosphodiester 
bonds attaching the arabinogalactan sidechains to the peptidoglycan of the mycobacterial cell 
wall. 

5 DD-M vaccae or DD-M vaccae-KOH (100 mg) was washed twice in 1 ml of 50 mM 

H 2 S0 4 followed by resuspension and centrifugation. Other acids are well known in the art 
and may be used in place of sulphuric acid. For the acid hydrolysis step, the solid residue 
was resuspended in 1 ml of 50 mM H2SO4, and incubated at 60°C for 72 hours. Following 
recovery of the solid residue by centrifugation, the acid was removed by washing the residue 
10 five times with water. The freeze-dried solid residue yielded 58.2 mg acid- treated DD- 
M vaccae (DD-M vaccae-acid; also known as Avac) or 36.7 mg acid-treated DD-M vaccae- 
KOH (DD-M vaccae-KOH-acid). 

Periodic acid cleavage of DD-M. vaccae 

15 This procedure is intended to cleave m-diol-containing sugar residues in DD- 

M vaccae, such as the rhamnose residue near the attachment site of the arabinogalactan 
chains to the peptidoglycan backbone. 

DD-M vaccae or DD-M vaccae-KOH (100 mg) was suspended in 1 ml of a solution 
of 1% periodic acid in 3% acetic acid, incubated for 1 hour at room temperature and the solid 

20 residue recovered by centrifugation. This periodic acid treatment was repeated three times. 
The solid residue was recovered by centrifugation, and incubated with 5 ml of 0. 1 M sodium 
borohydride for one hour at room temperature. The resulting solid residue was recovered by 
centrifugation and the sodium borohydride treatment repeated. After centrifugation, the solid 
residue was washed four times with water and freeze-dried to give a yield of 62.8 mg DD- 

25 M vaccae-periodate (also known as Ivac) or 61 .0 mg DD-M vaccae-KOH-periodate. 

Resuspension of DD-M. vaccae and DD-M. vaccae-KOH 

DD-M vaccae and DD-M vaccae-KOH (1 1 mg each) were suspended in phosphate- 
buffered saline (5.5 ml). Samples were sonicated with a Virtis probe sonicator for various 
30 times at room temperature (mini-probe, 15% output). Samples were then vortexed for sixty 
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seconds and allowed to stand for five minutes to allow the sedimentation of large particles. 
The absorbance of the remaining suspension at 600 nm was measured. As shown in Fig. 6, 
DD-M vaccae-KOH (referred to in Fig. 6 as DDMV-KOH) was fully resuspended after one 
minute's sonication and further sonication produced no further increase in the absorbance. 
5 After five minutes sonication, the resuspension of DD-M vaccae (referred to in Fig. 6 as 
DDMV) was still incomplete as estimated from the absorbance of the suspension. These 
results indicate that DD-M vaccae-KOH is considerably more soluble than DD-M vaccae. 

Proteinase K hydrolysis of DD-M vaccae 
10 This procedure is intended to digest proteins and peptides, while leaving most other 

materials intact. 

One hundred milligrams of DD-M vaccae, prepared as described in Example 1, was 
suspended in 9 ml water with sonication. Sodium dodecyl sulfate (SDS) was added to a final 
concentration of 1% w/v, and Proteinase K to a final concentration of 100 |ig/ml w/v. The 
15 reaction mixture was incubated at 50°C for 16 hours. The product was harvested by 
centrifugation, washed with phosphate-buffered saline and water, and lyophilized. The yield 
was 59 mg (59%) of Proteinase K-treated DD-M vaccae, subsequently referred to as EVac. 

Hydrofluoric acid hydrolysis of KOH-treated DD-M vaccae 

20 This procedure is intended to cleave linkages that are labile to hydrolysis with 

anhydrous hydrofluoric acid, such as glycosidic bonds, while leaving most proteins intact. 

One gram of DD-M vaccae-KOH, prepared as described above, was suspended in 15 
ml liquid hydrogen fluoride containing anisole as a free-radical scavenger. The mixture was 
incubated at 0°C with mixing for one hour. The hydrogen fluoride (HF) was removed by 

25 distillation, and the solid residue was washed with diethyl ether to remove the anisole. The 
product was extracted with water to yield water-soluble and water-insoluble fractions. The 
yield was 250 mg (25%) of water-soluble material, and 550 mg (55%) of water-insoluble HF- 
hydrolyzed KOH-treated DD-M vaccae, subsequently referred to as HVac. 
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EXAMPLE 3 

EFFECT OF IMMUNIZATION WITH DD-M VACCAE 



AND DERIVATIVES OF DD-M VACCAE ON ASTHMA IN MICE 

The ability of DD-M vaccae and derivatives of DD-M vaccae to inhibit the 
5 development of allergic immune responses was examined in a mouse model of the asthma- 
like allergen specific lung disease. The severity of this allergic disease is reflected in the 
large numbers of eosinophils that accumulate in the airways. 

BALB/cByJ mice were given 2 ^g ovalbumin in 2 mg alum adjuvant by the 
intraperitoneal route at time 0 and 14 days, and subsequently given 100 jag ovalbumin in 50 
10 \x\ phosphate buffered saline (PBS) by the intranasal route on day 28. The mice accumulated 
eosinophils in their airways as detected by washing the airways of the anesthetized mice with 
saline, collecting the washings (broncheolar lavage or BAL), and counting the numbers of 
eosinophils. 

DD-M vaccae derivatives were prepared as described above. Groups of 10 mice 

15 were administered 200 jig of PBS, DD-M. vaccae or one of the DD-M. vaccae derivatives 
(Ql: DD-M vaccae; Q2: DD-M vaccae-KOH; Q3: DD-M vacaze-acid; Q4: M vaccae- 
periodate; Q6 and P6: DD-M vflcctfe-KOH-periodate; P5: DD-M vaccae-KOH-acid) 
intranasally one week before intranasal challenge with ovalbumin. As shown in Fig. 3, 
statistically significant reductions were observed in the percentage of eosinophils in BAL 

20 cells collected six days after challenge with ovalbumin, compared to control mice. 
Furthermore, the data shows that suppression of airway eosinophilia with DD-M vaccae-2&\& 
and DD-M vaccae-KOH-periodate (Q3, Q6 and P6) was greater than that obtained with DD- 
M vaccae (Ql). Control mice were given intranasal PBS. The data in Fig. 3 shows the mean 
and SEM per group of mice. 

25 Eosinophils are blood cells that are prominent in the airways in allergic asthma. The 

secreted products of eosinophils contribute to the swelling and inflammation of the mucosal 
linings of the airways in allergic asthma. The data shown in Fig. 3 indicate that treatment 
with DD-M vaccae or derivatives of DD-M vaccae reduces the accumulation of lung 
eosinophils, and may be useful in reducing inflammation associated with eosinophilia in the 

30 airways, nasal mucosal and upper respiratory tract. Administration of DD-M vaccae or 
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derivatives of DD-M vaccae may therefore be employed to reduce the severity of asthma and 
diseases that involve similar immune abnormalities, such as allergic rhinitis, atopic dermatitis 
and eczema. 

In addition, serum samples were collected from mice immunized with either heat- 
5 killed M. vaccae, DD-M vaccae (either intranasally (i.n.) or subcutaneously (s.c.)) or BCG 
and the level of antibodies to ovalbumin was measured by standard enzyme-linked 
immunoassay (EIA). As shown in Table 2 below, sera from mice immunized with BCG had 
higher levels of ovalbumin specific IgGl than sera from PBS controls. In contrast, mice 
immunized with heat-killed M. vaccae or DD-M vaccae had similar or lower levels of 
10 ovalbumin- specific IgGl. As IgGl antibodies are characteristic of a Th2 immune response, 
these results are consistent with the suppressive effects of DD-M vaccae on the asthma- 
inducing Th2 immune responses. 

TABLE 2 

15 Low Antigen-Specific IgGl Serum Levels 

in Mice Immunized with Heat-killed M. vaccae or DD-M. vaccae 



Treatment Group 


Serum IgGl 




Mean 


SEM 


M .vaccae i.n. 


185.00 


8.3 


M. vaccae s.c. 


113.64 


8.0 


DD-M vaccae i.n. 


96.00 


8.1 


DD-M vaccae s.c. 


110.00 


4.1 


BCG, Pasteur 


337.00 


27.2 


BCG, Connaught 


248.00 


46.1 


PBS 


177.14 


11.4 
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EXAMPLE 4 
EFFECT OF DD-M. VACCAE DERIVATIVES ON 
IL-10 PRODUCTION IN THP-1 CELLS 

IL-10 has been shown to inhibit the cytokine production of Thl cells and play a key 
5 role in the suppression of experimentally-induced inflammatory responses in skin (Berg et 
aL, J. Exp. Med. 182:99-108, 1995). More recently, IL-10 has been used successfully in two 
clinical trials to treat psoriatic patients (Reich et aL, J. Invest. Dermatol. 111:1235-1236, 
1998 and Asadullah et al, 1 Clin. Invest. 101:783-794, 1998). The levels of IL-10 produced 
by a human monocytic cell line (THP-1) cultured in the presence of derivatives of DD-M 

10 vaccae were assessed as follows. 

THP-1 cells (ATCC Number TB-202) were cultured in RPMI medium (Gibco BRL 
Life Technologies) supplemented with 0.5 mg/1 streptomycin, 500 U/l penicillin, 2 mg/1 L- 
glutamine, 5xl0" 5 M (J-mercaptoethanol and 5% fetal bovine serum (FBS). One day prior to 
the assay, the cells were subcultured in fresh media at 5xl0 5 cells/ml. Cells were incubated 

15 at 37 °C in humidified air containing 5% C0 2 for 24 hours and then aspirated and washed by 
ceritrifugation with 50 ml of media. The cells were resuspended in 5 ml of media, and the 
cell concentration and viability determined by staining with Trypan blue (Sigma, St Louis 
MI) and analysis under a hemocytometer. DD-M vaccae derivatives (prepared as described 
above) in 50 (il PBS and control stimulants were added in triplicate to wells of a 96 well plate 

20 containing 100 \il of medium, and appropriate dilutions were prepared. Lipopolysaccharide 
(LPS) (300ng/ml; Sigma) and PBS were used as controls. To each well, 100 jil of cells were 
added at a concentration of 2x1 0 6 cells/ml and the plates incubated at 37 °C in humidified air 
containing 5% CO2 for 24 hours. The level of IL-10 in each well was determined using 
human IL-10 ELISA reagents (PharMingen, San Diego CA) according to the manufacturer's 

25 protocol. As shown in Fig. 4, the acid and periodate derivatives of DD-M vaccae were 
found to stimulate significant levels of IL-10 production. The PBS control, DD-M vaccae- 
KOH, DD-M vaccae-KOH-periodate, and DD-M vacoze-KOH-acid derivatives did not 
stimulate THP-1 cells to produce EL- 10. 
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EXAMPLE 5 

EFFECT OF IMMUNIZING MICE WITH M VACCAE OR 



DD-M VACCAE ON TUBERCULOSIS 

This example illustrates the effect of immunization with heat-killed M vaccae or DD- 
5 M vaccae prior to challenge with M tuberculosis. 

Mice were injected intraperitoneal^ with one of the following preparations on two 
occasions three weeks apart: 

a) Phosphate buffered saline (PBS, control); 

b) Heat-killed M vaccae (500 jig); and 
10 c) DD-M vaccae (50 |ig). 

Three weeks after the last intraperitoneal immunization, the mice were infected with 
5xl0 5 live H37Rv M tuberculosis organisms. After a further three weeks, the mice were 
sacrificed, and their spleens homogenized and assayed for colony forming units (CFU) of 
M tuberculosis as an indicator of severity of infection. 

15 Fig. 5 shows data in which each point represents an individual mouse. The numbers 

of CFU recovered from control mice immunized with PBS alone were taken as the baseline. 
All data from experimental mice were expressed as number of logarithms of CFU below the 
baseline for control mice (or log protection). As shown in Fig. 5, mice immunized with heat- 
killed M vaccae or DD-M vaccae showed, respectively, a mean reduction of >1 or 0.5 logs 

20 CFU. This data demonstrates the effectiveness of immunization with M vaccae or DD-M 
vaccae, and indicates that DD-M vaccae may be developed as a vaccine against tuberculosis. 

EXAMPLE 6 

COMPOSITIONAL ANALYSIS OF DD-M VACCAE AND DD-M VACCAE 
25 DERIVATIVES 

Carbohydrate compositional analysis of DD-M. vaccae and DD-M. vaccae derivatives 

The carbohydrate composition of DD-M vaccae and DD-M vaccae derivatives was 
determined using standard techniques. The results are shown in Table 3, wherein DDMV 
represents DD-M vaccae\ DDMV-KOH represents DD-M vaccae-KOK; DDMV-A 
30 represents DD-M vaccae-ac\&\ DDMV-I represents DD-M vacctfe-periodate; DDMV-KOH- 
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A represents DD-M vaccae-KOH-acid; and DDMV-KOH-I represents DD-M vaccae-KOH- 
periodate. 

TABLE 3 

5 Carbohydrate Compositional Analysis of DD-M. vaccae and DD-M. vaccae Derivatives 



Carbohydrate 


DDMV 


DDMV- 
KOH 


DDMV- 

A 


DDMV-I 


DDMV- 
KOH-A 


DDMV- 
KOH-I 


Galactosamine 


26.6* 


29.2 


14.9 


37.7 


0.3 


3.9 


Glucosamine 


3.7 


3.6 


8.7 


35.6 


12.2 


63.2 


Galactose 


9.7 


9.2 


0.7 


3.4 


0.0 


0.0 


Glucose 


56.9 


54.8 


71.1 


23.0 


87.5 


27.5 


Mannose 


3.2 


3.2 


4.7 


0.4 


0.02 


5.5 


Fucose 


Not 

detected 


Not 

detected 


Not 

detected 


Not 

detected 


Not 

detected 


Not 

detected 



* All values in % of total carbohydrate 



The results demonstrate that each of the DD-M vaccae derivatives had a different 
10 carbohydrate content, as expected from the different effects of the acid, periodate or alkali 
treatment of the cells. In addition, DD-M. vaccae had a markedly different carbohydrate 
composition when compared with the DD-M vaccae derivatives. As expected, the amount of 
galactose in the DD-M vaccae-zciA and DD-M vaccae-periodate derivatives was lower than 
in DD-M vaccae and DD-M vaccae-KOH. These values reflect the action of the acid and 
15 periodate in the preparation of the derivatives, cleaving the arabinogalactan sidechains from 
the peptidoglycan backbone. 

Nucleic acid analysis of DD-Af. vaccae and DD-M vaccae derivatives 

Analysis by gel electrophoresis of the nucleic acid content of DD-M. vaccae and the 
20 DD-M vaccae derivatives after treatment with Proteinase K showed that DD-M vaccae, DD- 
M vaccae-periodate and DD-M vaccae-KOH contained small amounts of DNA while no 
detectable nucleic acid was observed for DD-M vaccae-acid. 
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EXAMPLE 7 

EFFECT OF DD-M VACCAE DERIVATIVES ON EL- 12 PRODUCTION BY 

MACROPHAGES 

The stimulation of a Thl immune response is enhanced by the production of 
5 interleukin-12 (IL-12) from macrophages. The ability of different M vaccae preparations to 
stimulate IL-12 production was demonstrated as follows. 

A group of BALB/cByJ mice was injected intraperitoneally with thioglycolate (Difco 
Laboratories, Detroit, MI). After three days, peritoneal macrophages were collected and 
placed in cell culture with IFN-y (2 U/ml) for four hours. The cells were washed three times 

10 in 50 ml of cold DMEM medium (Gibco Life Technologies, Gaithersburg MD) supplemented 
with 110 mg/1 pyruvate, 116 mg/1 L-arginine, 36 mg/1 L-asparagine, 6 mg/1 folic acid, 0.5 
mg/1 streptomycin, 500 U/l penicillin, 2 mg/1 L-glutamine, 5 x 10" 5 M 2-mercaptoethanol and 
5% fetal bovine serum (FBS), and adjusted to a concentration of 2 x 10 6 cells/ml. Various 
concentrations of DD-M vaccae (referred to in Fig. 7 as Rl), DD-M vaccae-KOH (referred 

15 to in Fig. 7 as R2), DD-M vaccae-acid (referred to in Fig. 7 as R3), DD-M vaccae-periodate 
(referred to in Fig. 7 as R4), DD-M vaccae-KOH-acid (referred to in Fig. 7 as R5), and DD- 
M vaccae-KOH-periodate (referred to in Fig. 7 as P6) were added. To each well, 0.1 ml of 
IFN-y-treated macrophages were added at a concentration of 2 x 10 6 cells/ml. After a further 
24 hours incubation at 37°C, the culture supernatants were harvested and assayed for the 

20 presence of IL- 1 2 produced by macrophages. The levels of IL- 1 2 production by macrophages 
stimulated with the DD-M vaccae derivatives are shown in Fig. 7. The data indicates that 
the DD-M vaccae derivatives stimulated IL-12 production by macrophages at approximately 
the same level as DD-M vaccae, with the exception of DD-M vacaze-KOH-acid, which 
induced less LL-12 production. 

25 

EXAMPLE 8 

EFFECT OF IMMUNIZING MICE WITH DIFFERENT DOSAGES OF 
DD-M VACCAE DERIVATIVES 

This example illustrates the effect of immunization with different dosages of DD- 
30 M vaccae derivatives on the development of an allergic immune response in the lungs. This 
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was demonstrated in a mouse model of the asthma-like allergen-specific lung disease. As 
noted above, the severity of this allergic disease is reflected in the large numbers of 
eosinophils that accumulate in the airways. 

BALB/cByJ female mice were sensitized to ovalbumin (OVA) by intraperitoneal 
5 injection of 200 jil of an emulsion containing 10 \ig OVA and 1 mg Alum adjuvant on days 0 
and 7. On days 14 and 21, mice were anesthetized and vaccinated either intranasally or 
intradermally with 200 jig of DD-M vaccae-acid or PBS. On days 28 and 32, mice were 
anesthetized and challenged intranasally with 100 jag OVA. Mice were sacrificed on day 35 
and bronchoalveolar lavage (BAL) performed using PBS. BAL cell samples were analyzed 
10 by flow cytometry to determine the eosinophil content (% eosinophils). Total BAL 
eosinophil numbers were obtained by multiplying the percentage eosinophil value by the total 
number of leukocytes obtained, with the latter value being determined using a 
hemacytometer. 

As can be seen in Fig. 8, DD-M vaccae-acid caused a significant, dosage-dependent 
15 suppression of airway eosinophilia (% eosinophils), with increasing levels of suppression 
being observed with increasing dosages of DD-M vaccae-acid. 

EXAMPLE 9 

EFFECTS OF THE ROUTE OF IMMUNIZATION OF MICE WITH 
20 DERIVATIVES OF DD-M VACCAE 

This example illustrates the effect of different routes of immunization with DD- 
M vaccae derivatives on the suppression of eosinophilia in the airways in a mouse model of 
the asthma-like allergen-specific lung disease. 

BALB/cByJ female mice were sensitized to OVA by intraperitoneal injection of 

25 200 \i\ of an emulsion containing 10 jig OVA and 1 mg Alum adjuvant on days 0 and 7. On 
days 14 and 21, mice were anesthetized and vaccinated intranasally or intradermally with 
200 \xg of DD-M vaccae-zcid or PBS. On days 28 and 32, mice were anesthetized and 
challenged intranasally with 100 ^g OVA. Mice were sacrificed on day 35 and 
bronchoalveolar lavage (BAL) performed using PBS. BAL cell samples were analyzed by 

30 flow cytometry to determine the eosinophil content (% eosinophils). Total BAL eosinophil 
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numbers were obtained by multiplying the percentage eosinophil value by the total number of 
leukocytes obtained, with the latter value being determined using a hemacytometer. 

As shown in Fig. 9, significant reductions were observed in the percentage of 
eosinophils in BAL cells collected six days after challenge with ovalbumin from mice 
5 immunized intranasally with DD-M vaccae-acid, compared to control mice. Furthermore, 
the data shows that suppression of airway eosinophilia with DD-M vaccae-acid administered 
intranasally was greater than that seen when mice were immunized intradermally. Control 
mice were given intranasal PBS. The data in Fig. 9 shows the mean and SEM per group of 
mice. 

10 

EXAMPLE 10 

PREPARATION AND COMPOSITIONAL ANALYSIS OF DELIPIDATED AND 
DEGLYCOLIPIDATED M TUBERCULOSIS (DD-M. TUBERCULOSIS) 
AND M SMEGMATIS (DD-M SMEGMATIS) 

15 M. tuberculosis and M smegmatis culture filtrate 

Cultures of Mycobacterium smegmatis (M smegmatis, ATCC Number 27199) were 
grown as described in Example 1 for M vaccae in Medium 90 with 1% added glucose. After 
incubation at 37°C for 5 days, the cells were harvested by centrifugation and the culture 
filtrate removed. The bacterial pellet was resuspended in phosphate buffered saline at a 

20 concentration of 10 mg/ml, equivalent to 10 10 M smegmatis organisms per ml. The cell 
suspension was then autoclaved for 15 min at 120°C. The culture filtrate was passaged 
through a 0.45 jim filter into sterile bottles. 

Cultures of M tuberculosis strain H37Rv (ATCC Number 27294) were grown at 
37°C in GAS medium (0.3 g Bactocasitone (Difco Laboratories, Detroit MI), 0.05 g ferric 

25 ammonium citrate, 4 g K2HPO4, 2 g citric acid, 1 g L-alanine, 1.2 g MgCl2.6H 2 0, 0.6 g K 2 - 
SO4, 2 g NH4CI, 1.8 ml NaOH (10 N), 5 ml glycerol, pH 7.0) for five days. Harvesting and 
further treatment of cells are as described above for M smegmatis cells. 
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Preparation of Delipidated and Deglycolipidated M. tuberculosis (DD-Af. tuberculosis) 
and Delipidated and Deglycolipidated M. smegmatis (DD-M smegmatis) and 
Compositional Analysis 

To prepare delipidated and deglycolipidated M tuberculosis (DD-M tuberculosis) 
5 and M smegmatis (DD-M smegmatis), autoclaved M tuberculosis and M smegmatis were 
pelleted by centrifugation, the pellet washed with water and collected again by centrifugation, 
and freeze-dried. An aliquot of this freeze-dried M tuberculosis and M smegmatis was set 
aside and referred to as lyophilized M tuberculosis and M smegmatis, respectively. When 
used in experiments, the lyophilized material was resuspended in PBS to the desired 
10 concentration. 

Delipidated and deglycolipidated M tuberculosis and M smegmatis were prepared as 
described in Example 1 for the preparation of DD-M vaccae. For bioassay, the freeze-dried 
DD-M tuberculosis and DD-M smegmatis were resuspended in phosphate-buffered saline 
(PBS) by sonication, and sterilized by autoclaving. 

15 The compositional analyses of DD-M tuberculosis and DD-M smegmatis are 

presented in Table 4 and Table 5. Major differences are seen in some components of the 
monosaccharide composition of DD-M tuberculosis and DD-M smegmatis compared with 
the monosaccharide composition of DD-M vaccae. The data presented in Table 4 show that 
DD-M tuberculosis and DD-M smegmatis contain 1.3% and 0.0 mol% glucose, respectively, 

20 compared with 28.1 mol% for DD-M vaccae. 

The amino acid composition of DD-M tuberculosis and DD-M smegmatis is 
presented in Table 5. DD-M tuberculosis contains 6537.9 nmoles/mg amino acids, or 
approximately 78.5% w/w, and DD-M smegmatis contains 6007.7 nmoles/mg amino acids, 
which is approximately 72.1% w/w protein. When compared with the amino acid analysis of 

25 DD-M vaccae given in Table 1, DD-M tuberculosis and DD-M smegmatis contain more 
total % protein than DD-M vaccae (55.1 %). 
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TABLE 4 

Monosaccharide Composition of BB-M. tuberculosis and BB-M smegmatis 



Monosaccharide 


M. tuberculosis 


M. smegmatis 




wt% 


mol% 


wt% 


mol% 


Inositol 


0.0 


0.0 


0.0 


0.0 


Glycerol 


9.5 


9.7 


15.2 


15.5 


Arabinose 


69.3 


71.4 


69.3 


70.0 


Xylose 


ND* 


ND 


3.9 


4.0 


Mannose 


3.5 


3.0 


2.2 


1.9 


Glucose 


1.5 


1.3 


0.0 


0.0 ! 


Galactose 


12.4 


10.7 


9.4 


8.0 



Not done 

TABLE 5 

Amino Acid Composition of DD-M tuberculosis and DD-M smegmatis 



Amino acid 


M. tuberculosis 


M. smegmatis 




Total Protein 


Total % 


Total Protein 


Total % 




nmoles/mg 


protein 


nmoles/mg 


protein 


ASP 


592.5 


9.1 


557.0 


9.3 


THR 


348.1 


5.3 


300.5 


5.0 


SER 


218.6 


3.3 


252.6 


4.2 


GLU 


815.7 


12.5 


664.9 


11.1 


PRO 


342.0 


5.2 


451.9 


7.5 


GLY 


642.9 


9.8 


564.7 


9.4 


ALA 


927.9 


14.2 


875.1 


14.6 


CYS 


31.8 


0.5 


20.9 


0.3 


VAL 


509.7 


7.8 


434.8 


7.2 


MET 


122.6 


1.9 


113.1 


1.9 


ILE 


309.9 


4.7 


243.5 


4.1 j 


LEU 


542.5 


8.3 


490.8 


8.2 


TYR 


116.0 


1.8 


108.3 


1.8 


PHE 


198.9 


3.0 


193.3 


3.2 


HIS 


126.1 


1.9 


117.2 


2.0 


LYS 


272.1 


4.2 


247.8 


4.1 


ARG 


421.0 


6.4 


371.7 


6.2 
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EXAMPLE 11 

EFFECT OF IMMUNIZATION WITH DD-M TUBERCULOSIS AND 
DD-M SMEGMATIS ON ASTHMA IN MICE 

The ability of DD-M tuberculosis and DD-M. smegmatis to inhibit the development 
5 of allergic immune responses was examined in a mouse model of the asthma-like allergen- 
specific lung disease, as described above in Example 8. The results illustrate the effect of 
immunization with DD-M tuberculosis and DD-M smegmatis on the suppression of 
eosinophilia in the airways, illustrating their immune modulating properties. 

BALB/cByJ female mice were sensitized to OVA by intraperitoneal injection of 

10 200 (il of an emulsion containing 10 jug OVA and 1 mg Alum adjuvant on days 0 and 7. On 
days 14 and 21, mice were anesthetized and vaccinated intranasally or intradermally with 
200 jxg of DD-M vaccae, DD-M tuberculosis, DD-M smegmatis or PBS. On days 28 and 
32, mice were anesthetized and challenged intranasally with 100 jig OVA. Mice were 
sacrificed on day 35 and bronchoalveolar lavage (BAL) performed using PBS. BAL cell 

15 samples were analyzed by flow cytometry to determine the eosinophil content (% 
eosinophils). Total BAL eosinophil numbers were obtained by multiplying the percentage 
eosinophil value by the total number of leukocytes obtained, with the latter value being 
determined using a hemacytometer. 

The data shown in Fig. 10 indicate that treatment with DD-M. tuberculosis and DD- 

20 M smegmatis reduces the accumulation of lung eosinophils similar to the reduction 
following immunization with DD-M vaccae, and that DD-M tuberculosis and DD- 
M smegmatis may be useful in reducing inflammation associated with eosinophilia in the 
airways, nasal mucosal and upper respiratory tract. Administration of DD-M tuberculosis 
and DD-M smegmatis may therefore reduce the severity of asthma and diseases that involve 

25 similar immune abnormalities, such as allergic rhinitis. 
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EXAMPLE 12 

EFFECT OF DD-M VACCAE ON PRODUCTION OF IL-10. TNF-ALPHA AND EFN- 
GAMMA IN HUMAN PERIPHERAL BLOOD MONONUCLEAR CELLS 

This example describes studies on the ability of DD-M vaccae to stimulate cytokine 
5 production in human peripheral blood mononuclear cells (PBMC). 

Human blood was separated into PBMC and non-adherent cells, and the cytokine 
production of each fraction determined after stimulation with DD-M vaccae as follows. 
Blood was diluted with an equal volume of saline and 15-20 ml was layered onto 10 ml 
Ficoll (Gibco BRL Life Technologies, Gaithersburg, MD). The lymphocyte layer was 
10 removed after centrifugation at 1,800 rpm for 20 min, washed three times in RPMI medium 
(Gibco BRL) and counted using Trypan blue. Cells were resuspended in RPMI containing 
5% heat-inactivated autologous serum at a concentration of 2xl0 6 per ml. The cell sample 
was divided to prepare non-adherent cells. 

Non-adherent cells were prepared by incubating 20 ml of the lymphocytes in RPMI 
15 supplemented with serum (as above) for one hour in a humidified atmosphere containing 5% 
CO2. The non-adherent cells were transferred to a fresh flask and the incubation repeated 
once more. The non-adherent cells were removed, counted and resuspended at a 
concentration of 2xl0 6 per ml in supplemented RPMI medium. Serial dilutions of DD-M 
vaccae were prepared starting at 200 jxg/ml and added to 100 jil medium (supplemented 
20 RPMI) in a 96-well plate. PBMC and non-adherent cells were added to the wells (100 

and the plates incubated at 37°C for 48 hours in a humidified atmosphere containing 5% 
CO2. A 150 |xl aliquot was removed from each well to determine the amount of cytokine 
produced by the different cells after stimulation with DD-M vaccae. 

DD-M vaccae stimulated PBMC to secrete TNF-a and EL- 10 (Figs. 11 and 12 A, 
25 respectively), but stimulated the non-adherent cells to produce IFN-y (Fig. 12B). These data 
suggest that IFN-y production in DD-M vaccae-stimulated PBMC is repressed by the 
simultaneous secretion of IL-10. 
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EXAMPLE 13 

ACTIVATION OF T CELLS BY HEAT-KILLED M VACCAE AND DD-M VACCAE 



The ability of heat-killed M vaccae and DD-M vaccae to activate human T cells and 
Natural Killer (NK) cells was examined as follows. 
5 Human peripheral blood mononuclear cells (PBMC) at a concentration of 5 x 10 6 

cells per ml were cultured with 20 |ig/ml of either heat-killed M vaccae or DD-M vaccae for 
24 hours. Control cells were cultured with media alone. Cultured cells were then stained 
with monoclonal antibodies against CD56 (a marker for NK cells), apT cells, or y6T cells in 
combination with monoclonal antibody against CD69, a molecule expressed by activated 
10 cells. The cells were then analyzed by flow cytometry. The percentage of cells expressing 
CD69 are provided in Table 6. 

TABLE 6 

Activation of Human T Cells and NK Cells by Heat-Killed M. vaccae and DD-M. vaccae 





a(5T cells 


y5T cells 


NK cells 


Control 


3.8 


6.2 


4.8 


Heat-killed M. vaccae 


8.3 


10.2 


40.3 


DD-M vaccae 


10.1 


17.5 


49.9 



15 

These results indicate that heat-killed M vaccae and DD-M vaccae activate both otP 
and y5 T cells, as well as NK cells. 

Recent studies by Holt and Sly (Nature Medicine 5:1 127-1 128, 1999) indicate that, in 
asthma, y5 T cells are important in maintaining normal airway responsiveness and down 
20 regulate airway responsiveness to allergen challenge, possibly by controlling the "repair" 
response of the airway epithelium to y5 T cells cell-mediated damage. Since M vaccae and 
DD-M vaccae are able to activate y8 T cells, they are likely to effective in restoring a normal 
epithelium in diseased areas of the body where y5 T cells are found, such as airways, lungs, 
skin and gut. 

25 
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EXAMPLE 14 

EFFECT OF IMMUNISATION WITH DD-M VACCAE- ACID. DD-M VACCAE. 
HVAC AND EVAC ON ASTHMA IN MICE 

This example illustrates the effect of immunization with DD-M vaccae and the DD- 
5 M vaccae derivatives DD-M. vaccae-zcid (Avac), Hvac and Evac on the development of an 
allergic immune response in the lungs, when administered to allergen-primed mice prior to 
challenge with allergen. 

BALB/cByJ female mice were sensitized to OVA by intraperitoneal injection of 
200 |il of an emulsion containing 10 jig OVA and 1 mg Alum adjuvant on days 0 and 7. On 
10 days 14 and 21, mice were anesthetized and vaccinated either intranasally or intradermally 
with 200 |ig of DD-M vaccae, Avac, Hvac, Evac or PBS. On days 28 and 32, mice were 
anesthetized and challenged intranasally with 100 |wg OVA in 50 |il PBS. Mice were 
sacrificed on day 35 and bronchoalveolar lavage (BAL) performed using PBS. BAL cell 
samples were analyzed by flow cytometry to determine the eosinophil content (% 
15 eosinophils). Total BAL eosinophil numbers were obtained by multiplying the percentage 
eosinophil value by the total number of leukocytes obtained, with the latter value being 
determined using a hemacytometer. 

As can be seen in Fig. 13, administration of DD-M vaccae, DD-M vaccae-acid, Hvac 
or Evac prior to challenge with OVA caused a significant suppression of airway eosinophilia 
20 (expressed as % eosinophils), demonstrating that DD-M vaccae, DD-M vaccae-acid, Hvac 
and Evac have beneficial prophylactic effects. 



EXAMPLE 15 

SUPPRESSION OF AIRWAY EOSINOPHILIA BY DD-M VACCAE-ACTD 
25 ADMINISTERED AFTER CHALLENGE WITH OVA 

This example illustrates the effect of DD-M vaccae-acid on the development of an 
allergic immune response in the lungs as demonstrated in the mouse model of the asthma-like 
allergen specific lung disease. The DD-M vaccae-acid was administered three days after 
challenge with OVA to induce severe airway eosinophilia. 
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BALB/cByJ female mice (ten mice per group) were sensitized to OVA by 
intraperitoneal injection of 200 \x\ of an emulsion containing 10 \ig OVA and 1 mg Alum 
adjuvant on days 0 and 7. On days 14 and 18, mice were anesthetized and challenged 
intranasally with 100 ng OVA contained in 50 (il PBS. On day 21, mice were again 
5 anesthetized and 200 (xg DD-M. vaccae-acid was administered intranasally. Mice were 
sacrificed on day 25 and BAL performed using PBS. Control mice were administered PBS 
instead of DD-M vaccae-acid following the same treatment regime. BAL cell samples were 
analyzed by flow cytometry to determine the eosinophil content (% eosinophils). Total BAL 
eosinophil numbers were obtained by multiplying the percentage eosinophil value by the total 
10 number of leukocytes obtained, with the latter value being determined using a 
hemacytometer. 

As shown in Fig. 14, a significant suppression of airway eosinophilia (expressed as % 
eosinophils) was observed, demonstrating the therapeutic effect of DD-M vaccae-acid when 
administered to mice with established disease. In both PBS- and DD-M vaccae-acid-treated 
15 mice, the severity of airway eosinophilia decreased as the time interval between the two 
OVA-challenges increased. Furthermore, DD-M vaccae-acid caused statistically significant 
suppression of % eosinophil values in all three groups of mice used. This data demonstrates 
that DD-M vaccae-acid has therapeutic benefit when administered after induction of airway 
eosinophilia. 

20 

EXAMPLE 16 

SUPPRESSION OF AIRWAY EOSINOPHILIA BY DD-M VACCAE-ACID 
ADMINISTERED IMMEDIATELY BEFORE CHALLENGE WITH OVA 

This example illustrates the therapeutic effect of one or two administrations of DD- 
25 M vaccae-acid one day before two challenges with OVA to induce severe airway 
eosinophilia in the mouse model of the asthma-like allergen-specific lung disease. 

Two groups of BALB/cByJ female mice were sensitized to OVA by intraperitoneal 
injection of 200 ^1 of an emulsion containing 10 ^g OVA and 1 mg Alum adjuvant on days 0 
and 7. On day 14, mice were anesthetized and DD-M vaccae-acid (200 ng) was 
30 administered intranasally. On day 15, mice were anesthetized and challenged intranasally 
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with 100 |ig OVA contained in 50 (il PBS. Mice in Group I received a second intranasal 
OVA challenge with 100 ng OVA in 50 ^il PBS on day 19. Mice in Group II received a 
second administration of 200 |ug DD-M vaccae-acid on day 18, followed by a second OVA 
challenge (100 \ig OVA in 50 jxl PBS) on day 19. The mice from both groups were sacrificed 
on day 22 and BAL performed using PBS. Two groups of control mice were immunized 
with PBS instead of DD-M vaccae-acid following the same treatment regime as the 
experimental groups. BAL cell samples were analyzed by flow cytometry to determine the 
eosinophil content (% eosinophils). Total BAL eosinophil numbers were obtained by 
multiplying the percentage eosinophil value by the total number of leukocytes obtained, with 
the latter value being determined using a hemacytometer. 

As can be seen in Fig. 15, a statistically significant suppression (p=0.0000015 ) of 
airway eosinophilia (expressed as % eosinophils) was observed, illustrating the therapeutic 
effect of DD-M vaccae-acid. When mice were treated with DD-M vaccae-acid prior to the 
first challenge only, the percent eosinophil values were reduced by 20%. Suppression of 
airway eosinophilia was enhanced when mice were treated with DD-M vaccae-acid prior to 
both challenges, as indicated by the reduction of percent eosinophil values by 40%. 

EXAMPLE 17 

SUPPRESSION OF AIRWAY EOSINOPHILIA BY DD-M VACCAE-ACID 
20 ADMINISTERED AFTER CHALLENGE WITH OVA 

This example illustrates the therapeutic effect of two immunizations with the DD- 
M vaccae derivative DD-M vaccae-acid three days after challenge with OVA on the 
development of an allergic immune response in the lungs in the mouse model of the asthma- 
like allergen-specific lung disease. 

25 Three groups of BALB/cByJ female mice were sensitized to OVA by intraperitoneal 

injection of 200 jal of an emulsion containing 10 |ng OVA and 1 mg Alum adjuvant on days 0 
and 7. On days 14, all mice were anesthetized and challenged intranasally with 100 |ug OVA 
contained in 50 nl PBS. On day 18, all mice were again anesthetized and 200 ng DD- 
M vaccae-acid was administered intranasally. Mice from Group 1 were challenged with a 

30 second intranasal administration of OVA (100 ng in 50 |nl PBS) on day 21 (seven days after 
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the first challenge). These mice were sacrificed on day 24 and BAL performed using PBS. 
Mice from Group II received the second OVA challenge on day 25 (11 days after the first 
challenge), were sacrificed on day 28 and BAL performed using PBS. Mice from Group m 
received a second administration of 200 ng of DD-M vaccae-acid on day 25. These mice 
5 were then challenged on day 28 with a second administration of 100 jixg OVA in 50 PBS 
(14 days after the first challenge), sacrificed on day 31 and BAL performed using PBS. 
Three groups of control mice received PBS instead of DD-M vaccae-acid intranasally 
following the same immunization regime as the experimental groups. BAL cell samples 
were analyzed by flow cytometry to determine the eosinophil content (% eosinophils). Total 
10 BAL eosinophil numbers were obtained by multiplying the percentage eosinophil value by 
the total number of leukocytes obtained, with the latter value being determined using a 
hemacytometer. 

As shown in Fig. 16, a statistically significant suppression of airway eosinophilia 
(expressed as % eosinophils) was observed, illustrating the therapeutic effect of DD- 
IS M vaccae-acid. In both PBS- and DD-M vaccae-acid-treated mice, the severity of airway 
eosinophilia decreased as the time interval between the two OVA-challenges increased. 
Further, DD-M vaccae-acid caused a statistically significant suppression of % eosinophil 
values in all three protocols followed. 

In mice treated with DD-M vaccae-acid four days after the first challenge, followed 
20 by a second challenge three days later (challenge delay = 7 days), airway eosinophilia was 
reduced by about 15% (Group I; p-0.034). When the second challenge was delayed for a 
further four days, a slightly greater degree of suppression (approx. 25%) was observed 
(Group II; /?=0.036). When mice were treated with DD-M vaccae-acid twice prior to the 
second challenge, airway eosinophilia was suppressed by 56% (Group HI; (p = 0.0000027). 
25 This data shows that DD-M vaccae-acid has a therapeutic effect when administered after 
induction of airway eosinophilia. 
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EXAMPLE 18 

INHIBITORY EFFECT OF DD-M VACCAE-ACTD ON DEVELOPMENT OF ALLERGIC 



AIRWAY DISEASE WHEN ADMINISTERED DURING EXPOSURE OF 
SENSITIVE MICE TO ALLERGEN 

5 This example illustrates the therapeutic effect of DD-M vaccae-acid on the 

development of allergic airway disease in a mouse model of asthma-like allergen-specific 
lung disease when administered during exposure of allergen-sensitized mice to an allergen. 

Two groups of 8 female BALB/cByJ mice each were immunized intraperitoneally at 
six and again at seven weeks of age, with an emulsion of chicken egg ovalbumin (OVA, 10 

10 \xg per mouse) and aluminium hydroxide (Alum, 1 mg per mouse) in phosphate buffered 
saline (PBS). At eight, and again at nine, weeks of age, mice in Group 1 were given 50 (il of 
PBS containing 100 |ig OVA intranasally, and mice in Group 2 were given 50 |il PBS 
containing 100 |uig OVA plus 1 mg DD-M vaccae-acid intranasally. At ten weeks of age, all 
of the mice were euthanized and the airways lavaged with three 1-ml volumes of PBS. The 

15 leukocytes in the bronchoalveolar lavage (BAL) were subsequently analyzed by flow 
cytometry to determine the proportion of eosinophils. 

As shown in Fig. 17, mice in Group 1 developed severe allergic airway disease, with 
the airways of each mouse containing an average of 2.0 ± 0.2 x 10 6 eosinophils (mean ± 
SEM, n=8). When mice were given both OVA and DD-M vaccae-acid (Group 2), airway 

20 eosinophil numbers were suppressed by 91%. These data show that DD-M vaccae-acid is 
capable of suppressing allergic airways disease when administered during exposure of 
sensitive mice to allergen. 

EXAMPLE 19 

25 INHIBITORY EFFECT OF DD-M ^CC4£-ACID ON DEVELOPMENT OF 

ALLERGIC AIRWAY DISEASE WHEN ADMINISTERED DURING 
SENSITIZATION TO ALLERGEN 

This example illustrates the therapeutic effect of DD-M vaccae-acid on the 
development of allergic airway disease in a mouse model of allergen-induced asthma when 
30 administered during sensitisation to allergen. 
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Four groups of 10 female BALB/cByJ mice each were immunized intraperitoneally 
with an emulsion of OVA (10 ng per mouse) and Alum (1 mg per mouse) in PBS at six and 
again at seven weeks of age. Mice in Groups 2, 3, and 4 were immunized intraperitoneally 
with emulsions containing OVA, Alum, and either 40 ^ig (Group 2), 200 (ig (Group 3), or 
5 1000 ng (Group 4) DD-M vaccae-acid, respectively. At eight weeks of age, and again four 
days later, all of the mice were given 50 \i\ of PBS containing 100 (ag OVA intranasally. At 
nine weeks of age, all of the mice were euthanized and the airways lavaged with three 1-ml 
volumes of PBS. The BAL leukocytes were subsequently analyzed by flow cytometry to 
determine the proportion of eosinophils. 

10 As shown in Figure 18, mice in Group 1 developed severe allergic airways disease, 

with the airways of each mouse containing an average of 4.2 ± 0.4 x 10 6 eosinophils (mean ± 
SEM, n=10). The results for mice in Groups 2, 3, and 4 show that co-administration of DD- 
M vaccae-acid suppressed the development of allergic airways disease in a dose-dependent 
manner such that total airway eosinophil load was reduced by 99% in mice that were given a 

15 dose of 1000 jig. Thus, DD-M vaccae-acid is capable of inhibiting the development of 
allergic airways disease when administered during sensitization to allergen. 



EXAMPLE 20 

USE OF DD-M VACCAE-ACID (Avac) TO TREAT ATOPIC 
20 DERMATITIS IN PATIENTS 

The aim of this study was to determine the tolerability of AVAC administered as an 
intradermal injection in children with atopic dermatitis. A randomized, double blind, parallel 
group trial involving 12 pediatric patients was carried out at a single center in Wellington, 
New Zealand. The inclusion criteria for the study were as follows: 

25 

• Male and female patients (children); 

• Aged between 5 (> 5) years and 16 years; 

• Diagnosis of atopic eczema based on: 

• History of an itchy skin condition plus three or more of the following: 
30 • History of flexural involvement 
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• History of asthma or hayfever 

• History of a generalised dry skin 

• Onset of rash under the age of 2 years 

• Visible flexural dermatitis; 

5 • Have used topical corticosteroid for eczema at least once in the last year, and are 
willing to continue a standard treatment of 1% hydrocortisone for the body and 0.5% 
hydrocortisone for eczema on the face; 

• Leicester Score of at least 7 on entry; 

• Have not taken systemic corticosteroids or other immunosuppressant for the past 2 
10 months; 

• Children and their parent/guardian must be able and willing to give informed consent 
and the child must be willing to attend evaluation visits. 

The Leicester Score was used as the principal measure of atopic dermatitis (AD) 
15 severity. This is a clinical severity score, calculated by first dividing the body into 10 zones 
(face, neck, abdomen, back, elbows, aritecubital fossae, dorsa of hands, palms and wrists, 
popliteal fossae and feet), and then scoring each zone on a scale from 0 (absent) to 3 (severe) 
for erythema, excoriation, dryness, cracking and lichenification. Total scores from each zone 
are then added to give a maximum of 150. The Leicester Score was first described by Berth- 
20 Jones et al. {Lancet 1993, 341: 1557-60), and is widely accepted for assessing clinical 
severity for AD. 

Patients were treated sequentially in groups of 3. A VAC was administered by 
intradermal injection on 3 occasions (0, 2 and 4 weeks). Two dose levels were studied: 0.2 
mg AVAC in 0.05 mL saline per injection (high dose) or 0.08 mg AVAC in 0.05 mL saline 
25 per injection (low dose) 

The dosing schedule was as follows: 

• First group of 6 children (aged 11-16): 3 patients low dose followed by 3 high 
dose, then 

• Second group of 6 children (aged 5-10): 3 patients low dose followed by 3 
30 patients high dose. 
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Due to site injection reactions, the high dose group of children aged 5-10 did not receive a 
complete course of 3 injections. 

A VAC treatment was safe and well-tolerated, with injection site reactions being the 
major treatment-related adverse event. Injection site reactions were severe in the three 
5 children in the younger (5-10 y) age group who were assigned to the higher dose level (0.2 
mg of AVAC per injection). Of these three patients, none completed the 3 -injection 
treatment regimen. One patient experienced a significant reaction after the first injection, and 
therefore received only one of the three scheduled injections. The other two patients each 
experienced a significant reaction after the second injection, and received two of the three 

10 scheduled injections. There were no serious adverse events. One patient (5-10 y age group; 
low dose) withdrew from the trial after the second injection because his mother did not 
believe that the treatment was helping his eczema. The other eleven patients successfully 
completed all safety assessments. 

The Leicester score trends are shown in Table 7 below. For seven of the eight 

15 patients who successfully completed the 3-injection treatment regimen, a decrease in 
Leicester score was noted (expressed as % change in Leicester score from over the interval: 
baseline to the 3 month assessment). The change varied from individual to individual (range: 
43-76%), but data were suggestive of dose dependence. In the remaining five patients, four 
showed Leicester score decreases which were smaller than those noted in patients who 

20 received all three scheduled injections (range: 15-25%), while one experienced worsening of 
his eczema at 6 weeks after the first AVAC injection. 



TABLE 7 





Aged 11-16 (0.08 mg) 


Aged 11-16 (0.2 mg) 


Initials 


TJD(10) 


DSD (13) 


CJG(12) 


DMD(12) 


BJG (12) 


PNM (16) 


Screen # 


001 


002 


003 


004 


005 


006 


Random # 


213 


216 


201 


215 


218 


202 


Status 


Completed 


Completed 


Completed 


Completed 


Completed 


Completed 


Leicester: 














VI (Wk-1) 


35 


16 


21 


20 


21 


20 


V2 (WkO) 


35 


16 


21 


20 


21 


20 


V3 (Wk 2) 


29 


16 


21 


13 


22 


11 



11000.1040c3 48 



V4(Wk4) 


27 


27 


18 


14 


14 


8 


V5 (Wk 6) 


25 


10 


16 


12 


12 


6 


V6 (Wk 9) 


19 


8 


11 


9 


10 


6 


V7 (Wk 12) 


19 (46%) 


8 (50%) 


12 (43%) 


8 (60%) 


10 (53%) 


5 (75%) 


No. of injections 


3 


3 


3 


3 


3 


3 





Aged 5-10 (0.08 mg) 


Aged 5-10 (0.2 mg) 


Initials 


PAR (10) 


JWH(9) 


NAC 


ARC (9) 


J AH (5) 


HLW (10) 


Screen # 


007 


008 


009 


010 


011 


012 


Random # 


203 


207 


210 


204 


208 


211 


Status 


Completed 


Withdrew 


Completed 


Completed 


Completed 


Completed 


Leicester: 














VI (Wk-1) 


31 


14 


11 


19 


13 


24 


V2 (Wk 0) 


30 


16 


15 


16 


13 


24 


V3 (Wk 2) 


25 


12 


9 


17 


11 


14 


V4 (Wk 4) 


19 


12 


11 


8 


10 


12 


V5 (Wk 6) 


17 




32 


10 


14 


14 


V6 (Wk 9) 


12 




22 


10 


17 


18 


V7 (Wk 12) 


11 (63%) 


(25% - 
W.D) 


18 (V5 
exacerbation) 


12 (25%) 


11 (15%) 


18 (25%) 


No. of injections 


3 


2 


3 


1* , 


2* 


2* 



5 * Indicates not willing to have all three injections 



Although the present invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, changes and modifications 
10 can be carried out without departing from the scope of the invention which is intended to be 
limited only by the scope of the appended claims. 
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